_ M.C., B.Sc.(Eng.) (London). 

ore, ARNOLD GEORGE, 

_ (Sheffield). 

‘Boruasz, Artuur, T.D. 

aa Eric BRISCALL. 
MENTS, ERNEST WILLIAM FREDERICK. 

year. KOnvt, Kaman. 

Hamitron, Rosert Joun, B.Se.(Eng.) 


(London). 
Hacer Rosert FRANK. 
Hows, Enear, B.Sc.(Eng.) (London). 
Hucuzs, Gzores, B.Se.(Eng.) (London). 
Hountzr, Lesuiz Ernest, M.Sc.(Eng.) 


ss, Webbs Gavin, B.Sc. (Glasgow). 
OHNSON, WitLiam JouN Butois, B.Sc. 
_ (Eng.) (London). 

ee, EDWARD WINGROVE. 

LaKkEMAN, Hzoror Grores, B.Sc.(Eng.) 


Lucce, ee GounrrrR Henzace, B.Sc. 
(Witwatersrand). 
me, As Asranam Apotr, B.Sc. (Wit- 


PTI z, Bicake: B.Sc. (Glasgow). 


M.Eng. 


PROCEEDINGS 


THE INSTITUTION OF 
CIVIL ENGINEERS 


PART I 
JANUARY 1955 


ORDINARY MEETING 
2 November, 1954 


WILFRID PHILIP SHEPHERD-BARRON, M.C., T.D., LL.D., 
the retiring President, in the Chair. 


The Council reported that they had recently transferred to the class of 


Members 

Axers, Raymonp Lanororp, B.Sc. Lumparp, Donatp, M.B.E., B.Sc. 
(Birmingham). (Bristol). 

Aspry, Tuomas Huimn, M.Sc. (Man- McGarry, Donatp Granam, B.Sc.(Eng.) 

chester). ( ). 

Barz, Epwyn Ernest Hors, 0.B.E., Mclnrosu, Frank Joun, B.Sc. (South 


Africa). 

MoMituan, THomas. 

Mapanrotra, GuRMAKH SrncH, B.Sc. 
(Eng.) (London). 

Mayooor, Martin Grorct, B.Sc.(Eng.) 
(London). 

Miznz, Mavricsz, B.Sc. (Aberdeen). 


Morricr, Humporey ALAN WALTER, 
B.A. (Cantab.). 
Myers, Sypney Myzr, B.Sc.(Eng.) 


Norris, Peter JOHN. 

Pootny, Henry Pornam, B.A. (Cantab.). 

Puen, Iron Wyn. 

Rostns, Eric GHoRGE. 

Ross, Erto Otprnq, B.Sc.(Eng.) are 

Rowntreet, JoHN Burazss, B.E. (Ne 
Zealand). 

Royps, HarRoLp GEORGE. 

Summerrs, Maurice WILLIAM. 

Tait, ROBERT JAMES. 

TayLor, REGINALD WILLIAM, 
B.Sc.(Eng.) (London). 

Wann, Joun Water, M.A. (Cantab.). 

Watson, Jamis Kurr, O.B.E. — 

Youna, DonaLp FRASER. 


C.M.G., 


2 ADMISSIONS 


and had admitted as 


Graduates 


Arrry, DonaLp Cuapwick, B.E. (New 
Zealand). 

ALEXANDER, Cotin Atston, B.Sc. (Cape 

ALEXANDER GorpoN, B.Sc. 
(Belfast). 

Amott, Frank ALBERT CowPER, B.Sc. 
(Eng.) (London), Stud.I.C.E. 

AnpeERSON, Davin GraHaM, Stud.I.C.E. 

AsuTon, Jonn Antuony, B.Sc. (Leeds), 
Stud.I.C.E. 

Arrwoop, Joun Harry, B.Sce.(Eng.) 
(London), Stud.I.C.E. 

Bairp, Joun, Stud.I.C.E. 

Batcoms, GEOFFREY Wuti4M, B.Sc. 
(Wales). 

BaRTLETT, JOHN VERNON, B.A. (Can- 
tab.), Stud.I.C.E. 

BatrersEy, Douetas, Stud.I.C.E. 


- Betx, Jonn STEPHEN, B.Sc. (Leeds). 


Betiry, GEORGE Epwny, Stud.I.C.E. 

Buack, Tuomas Joun, B.Sc. (Glasgow), 
Stud.I.C.E. 

BLACKHALL, LAWRENCE BARNABAS BRYB, 
B.Sc.(Eng.) (London). 

Bopen, Prrsr, B.Sc. (Wales), Stud.I.C.E. 

BrapuiEy, Donap, B.Sc. (Birmingham). 

BrapsHaw, Ian Ernest, B.Sc.Tech. 
(Manchester). 

Brapsuaw, MatrHew, B.Sc. (Glasgow), 
Stud.I.C.E. 

Brazier, Joun Gorpon, Stud.I.C.E. 

Brerk, Sarp, B.Sc. (Durham), Stud.1.C.E. 

Bremner, RaymMonp Morr, Stud.I.C.E. 

BRENTNALL, Peter Henry, Stud.I.C.E. 

Briaut, FRANK, Stud.1.C.E. 

Britt, Gkorrrey Brian, M.A. (Cantab.), 
Stud.I.C. EB. 

Broapunad, Jonn Antruony, Stud.1.C.E. 

Bropin, JAMES WALLACE, Stud.1.C.E. 

Brooxs, Grorczk Ewan, B.Sc.(Eng.) 
(London), Stud.I.C.E. 

aa Epwarp Atan Harvey, Stud. 


Brown, Micuart Ernest, Stud.J.C.E. 

Browne, Joun Ropert Griwiey, B.Sc. 
(Eng.) (London). 

Brunton, Joun Davin, B.Sc. (Leeds), 
Stud.1.C.E. 

Buron, Joun Percy Coprrrr, B.Sc. 
(Eng.) (London), Stud.1.C.E. 

Burke, Tuomas Joun, Stud.1.C.E. 

Butter, Frepertck Grorar, B.Sc. 
(Eng.) (London), Stud.1.C.B. 

wernt Dersmonp, B.Sc. (Belfast), Stud. 


CALLAGHAN, SAMUEL Jamus, B.Sc. (Bel- 
fast), Stud.L.C.E. 


Cameron, Ian GeorGE Dewar, B.E 
(Queensland). / 
Canrssa, Erto ALBERT JosEPH, Stud. 
L.C.E. 
Casu, Granam Henry, Stud.I.C.E. 
CHapwick, JoHN MuicuareL, B.Eng. 
(Sheffield), Stud.I.C.E. 
CHAPMAN, DonaLp Joun, Stud.1.0.E. 
CHapmMan, Matcotm Herpert, B.Sc. 
(Birmingham), Stud.1.C.E. 
CHERRY, Ropert DEnIs, 
(Manchester), Stud.I.C.E. 
Cuu-Cueone, CLIvE Kenpatt, B.Sc. 
(Wales). ‘ 
CoLz, Eric MaxwELt, Stud.I.C.E. 
Concute, WiLLIamM GrorGe, Stud.I.C.E. 
CLarkKk, Perer JARDINE, B.Sc. (Wales). 
Ciece, JoHn Hopexrson, B.Sc. (Man-_ 
chester), Stud.I.C.E. | 
Comiry, Peter, B.A., B.A.I. (Dublin), 
Stud.1.C.E. 
Cook, GrorrrEy Ramsay, B.Sc.(Eng. 
(London), Stud.I.C.E. | 
Cootry, Ertc Humpurey, M.A. (Cantab.), 
Stud.1.C.E.- | 
Coorrer, Witt1am Howarp, B.A. (Can 


B.Se.Tech, 


Cowan, Joun CuapmMan, Stud.I.C.E. 
CRESSWELL, Roy Cuarues, Stud.I.C.E. 
Crocker, Prrer, Stud.I.C.E. 
CULLEN Watiacr, ANDREW ALASDAIR, 
B.Se. (Edinburgh). | 
Curriz, Neti, B.Sc.(Eng.) (London). 
Curry, Rosert Groren, B.A., B.A.T. 
(Dublin), Stud.I.C.E. ( 
Davison, ALAN ANDREW ExLioT Forp, 
B.Sc. (Belfast). 
Dean, James Dovatas, Stud.I.0.E. ; 
DE Biaqurbre, THomas Epwarp, B.A. 
B.A. (Dublin). 
Dennis, Tuomas Epwarp, B.Se.(Eng. 
(London), Stud.I.C.E. 
Dori, ALAN Tuomas, B.Se.(Eng.) (Lon- 
don), Stud.I.C.E. 
Donnetty, Matcotm Cart, B.Eng. 
(Sheffield), Stud.I.C.E. 
Doutuwairz, Groran,  B.Sc.(Eng.) 
(London). ore 
DoweE 1, Joun Rupxty, B.A. (Cantab 
Downey, Vicror Micuanrt, Stud.1.C 
Duprnry, Donatp Frepericx, B. 
(Eng.) (London), Stud.I.C.E. hier 
Duacan, Patrick Joszrn, B.E. 
(National). yras 


Durosz, Bryan Wruam, B.Sc. 
(Durham), Stud.I.C.E. 

Etxis, Ivor Wynne, Stud.1.C.E. 

Ericsson, Oscar Roy, B.Sc. (Bir- 
mingham), Stud.1.C.E. 

Evans, Anan Jonn Rionarp, B.A. 
(Cantab.). 

Fatruurst, Lmonarp, B.Eng. (Liver- 


pool), Stud.I.C.E. 

Farcuer, Sypney Epwry, M.A. (Can- 
tab.), Stud.LC.E. 

Fisner, Rotanp Drsvienzs, Stud.1.C.E. 

Forp, Laurence Marx, B.Eng. (Liver- 
pool). 

Forsytu, Donatp, B.A., B.A.I. (Dublin). 

Foster, Brian WeENtwortH, B.Sc. 
(Manchester). 

FREER, ROBERT, B.C.E. (Melbourne). 

Gampritt, Lewis CHARLES ERNEST, 
B.Sc.(Eng.) (London), Stud.I.C.E. 

GeERacuTy, ADRIAN, Stud.I.C.E. 

GmRacHty, Wittiam SIDNEY, 
(National). 

Grpss, Lronarp Tuomas, Stud.1.C.E. 

Gituizs, Grorcr ALBERT Henry, Stud. 
L.C.E. 

Go.tpssroucH, DerEK Howarp, B.Sc. 
(Eng.) (London), Stud.1.C.E. 

Goopwin, JoHN ALBERT, Stud.I.C.E. 

Grance, Davin Joun Hupson, Stud. 
L.C.E. 

Green, Desmond WILLIAM BURBIDGE, 

_ B.Se.(Eng.) (London), Stud.I.C.E. 


B.E. 


GREEN, Rowand, B.Sc. (Durham), 
Stud.I.C.E. 
Greer, Cartes Ian Rows, B.Sc. 


(Belfast), Stud.1.C.E. 
Gricr, ALAN Norman, Stud.I.C.E. 
Griffin, Witt1aM Joun, Stud.I.C.E. 
GricsBy, RevBEen Epwarp. 
Gromuirr, CLaupE Normay, Stud.1.C.E. 
[BUNAWARDANA, Lronarp Cyri, Stud. 
 LC.E. 
Gorta, SurtmnpaR Pact, Stud.1.C.E. 
Bapvrx, RonaLpD NeEwenuam, B.Sc. 
(Eng.) (London). 
Re arnan, Roy Josrpn, Stud.I.0.E. 
Hammond, BurReELL Victor, B.A. (Can- 


tab. 
= Martin AntHony, B.Sc. 
tag Stud.1.C.E. 
TWELL, RAYMOND LEONARD GEORGE, 
w _ 2: Se.(Eng.) (London), Stud.I.C.H. 
RVEY, Percy, Stud.I.C.E. 
asson, Raymond Racuamim Haspat, 
Bike (Cape Town), Stud.1.C.E. 
Te Davin, B.Sc. (St Andrews). 
ywARD, Roger KENDRICK, 
_(Cantab. ). 
AYWARD, WILLIAM Henry, Stud.1.C.E. 
EATHOOTE, NEVILLE Barrin, B.A. 
(Cantab, ), Stud.1.C.E. 


M.A. 


ADMISSIONS 3 


HEATLEY, Joun SamvuEL, B.Sc. (Durham). 

Hxsprron, JOHN ANSTEY, B.A. (Cantab.), 
Stud.1.C. E. 

Henson, Joseph Ronatp, B.Sc.Tech. 
(Manchester), Stud.1.C.E. 

Hii, Arrnur Brapiey, Stud.I.C.E. 

Hipwett, Perer Dante, B.Sc. (Bir- 
mingham). 

Histop, JAMES WILsoN, Stud.I.C.E. 

Hoge, Dents BroapBEry, B.Sc. (Leeds). 

Hope, Brian James, B.Sc.(Eng.) 
(London), Stud.1.C.E. 

Hotmrs, LAwRENCE JAMES 
B.Eng. (Sheffield), Stud.1.C.E. 

Laageehney Witu14m Morris, B.A. (Can- 
tab.). 


OLIVER, 


Huenss, Joun, B.Sc. (St Andrews), 
Stud.I.C.E. 
Innes, Kenneta Wim, B.Sc. 
(Bristol). 


JACKSON, James Kerry, B.Sc.(Eng.) 
(London). 

JACOBS, 
(London). 

JAINUDEEN, TuAN THaARIK Romi, Stud. 
L.C.E. 

JANES, Grorrrey Morris, B.Sc. (Cape 
Town). 

JENKINS, Witt1am McLaren, 
(Glasgow), Stud.1.C.E. 

Jongs, Frank Henry, Stud.I.C.E. 

Jounson, ANTHONY Ernest, Stud.I.C.E. 

Jounston, Davin Rosert, B.Sc. (Glas- 
gow), Stud.I.C.B. 

JOHNSTON, FREDERICK GHRALD, B.Sc. 
(Belfast), Stud.1.C.E. 

Jones, Drnnis Caruron, B.Sc.(Eng.) 
(London), Stud.1.C.E. 

Jonzs, Evan Joun, B.Sc. (Wales). 

Jouzy, Neppy Costanpy, B.Sc.(Eng.) 
(London), Stud.1.C.E. 

Keast, WatLacr James, B.Sc. (Bristol). 

Ketuy, Witiiam Jonny, Stud.I.C.E. 

Kemp, Cuartes Ian Tacoart, Stud. 
L.C.E. 

Kemp, JoHn Brian, Stud.I.C.E. 

Kerr, Grorrrey Brian, Stud.I.C.E. 

Kerr, WILLIAM Davip Ross. 

Kanna, Prem PrakasuH, B.Sc. (Glas- 
gow), Stud.I.C.E. 


ALEXANDER, B.Sc.(Eng.) 


B.Se, 


Kincarip, Writ1iam, B.Se. (Glasgow), 
Stud.1.C.E. 

Kineasy, Norman Forp, B.Sc.(Eng.) 
(London). 

KinneEen, Ricuarp JoHn Nog, B.E. 
(National). 


Kirx, Donatp Guorrrey, B.Sc. (Leeds), 
Stud.I.C.E. 

KubatunaE, Don Gurarp PrEroy, B.Sc. 
(Eng.) (London). — 

Kywnaston, Rosprert Francis, B.E. 
(Queensland), B.A. (Oxon), Stud.I.C.E. 


4 ADMISSIONS 


Lamp, Atrrep Smupson, B.Sc. (Glasgow). 

LAMBERT, LEONARD CHARLES, B.Sc. 
(London), Stud.I.C.E. 

Lawson-Wiuuiams, Ian Malcolm, B.Sc. 
(Eng.) (London), Stud.1.C.E. 

Leacn, Grorce AvstIN, B.Sc.(Eng.) 
(London). 

Lreminc, Micnart BretrarcH, Stud. 
I.C.E. 

Lrremine, WALTER FRANCIS. 

LEMPRIERE, NoRMAN EvERARD, B.Eng. 
(Liverpool), Stud.1.C.E. 

Lennox, Rosert ALEXANDER, B.Sc. 
(Glasgow). 

Lronarp, THomas JoHN GABRIEL, B.A., 
B.A.I. (Dublin). 

Levy, Barry, B.A. (Cantab.), Stud.I.C.E. 

Lewis, ALBERT Kerru, B.E. (New 
Zealand). j 

Lxewis, ConraD WatrorD, B.Sc.(Eng.) 
(London), Stud.1.C.E. 

Loosz, FRED WALTER, Stud.I.C.E. 

Lycett, TRrvor, Stud.I.C.E. 

McCreatu, GrorcE Forsss, B.Sc. (Glas- 
gow), Stud.I.C.E. 

McEway, Ian, Stud.I.C.E. 

MoIntosn, Ancus Linpsay, Stud.I.C.E. 

Macxkenziz, Frytay Pracocs, B.Se. 
(Glasgow), Stud.I.C.E. 

MckEnzin, RopErR1IcK McDonatp, B.Sc. 
(Glasgow). 

Mackey, James Partriox, B.Sc.(Eng.) 
(London), Stud.I.C.E. 

MoKippin, Davin MicHart, B.Sc. (St 
Andrews), Stud.1.C.E. 

MacLxop, Joun. 


McNamara, Rospert Granam, B.E. 
(Queensland). 
McQunren, ANDREW Mrrroy, B.Sc. 


(Aberdeen). 

Mannine, JonN Maurice, B.Sc.(Eng.) 
(London). 

an Micnart Victor, B.A. (Can- 


Marsprn, Antony Ernest, B.Sc.(Eng.) 
(London), Stud.I.C.E. 

Martin, Repvers, Stud.I.0.E. 

Martinus, Oswatp Lezstin, B.Sc.(Eng.) 
(London), Stud.1.C.E. 

Mason, Perer James, Stud.I.C.E, 

Masoyapa, MiLostaw Epmunp, B.Sc. 
(Natal), Stud.1.C.E. 

Marroox, ANTHONY FREDERICK GEORGE, 
B.A. (Cantab.) 

MENDIS, BaLAaPUWADUGE Cross 
Hanorp, B.Se.(Eng.) (London). 

Mis, Haroip Batt, B.Sc. (Cape Town). 

MoLuison, ALEXANDER ROBERTSON, 
B.Sc. (St Andrews). 

MonpaL, Amir Aut, B.E. (Calcutta). 

Monk, Prrzr Axan, Stud.I.0.E. 


Montcomery, Rex Watton, B.E. (New 
Zealand). 

Morris, James Victor, Stud.I.C.E. | 

Morris, Maurice Coitx, B.Sc.(Eng.) 
(London), Stud.I.C.E. 

Morris, MicHaEL Epwakp, Stud.1.C.E. 

Morriss, CHRISTOPHER JOHN, B.Sc. 
Eng.) (London), Stud.I1.C.E. 

Morton, Rosert RussE.1, Stud.1.C.E. 

Mostey, Peter, Stud.1.C.E. 

Miuirr, Ecxuarp Frangois, B.Sc. 
(Cape Town), Stud.I.C.E. 

Neave, Grorce Netson, B.Sc. (Glas 
gow), Stud.1.C.E. 

Ne Pene Kuoon, B.Sc. (Illinois). 

Nissanca, Don BERMULAN PRE 
TILAKA, B.Sc.(Eng.) (London). | 

Norman, Frank DauBENEY, B.Sc.(Eng.) _ 
(London), Stud.I.C.E. 

Norman, JounN MicnaEt, B.Sc.(Eng.) © 
(London), Stud.1.C.E. . ; 

O’Matiry, AucustinE AnTHoNy, B.E. 
(National). | 

Ontons, ALLAN, Stud.I.C.E. 

Oprara, Donatus OnYEJELA, B.Sc.(Eng.) 

London 


). 

Orr, ANATOLE KonsTantTIn HERMANN. 

Owen, Gwitym Treror, B.Sc. (Wales), 
Stud.I.C.E. 

Pacs, Derek, B.Sc.(Eng.) (London). 

Park, Joun Antuony, B.Sc. (Ma 
chester). Stud.1.C.E. : 

Parkes, Doveias Brian, B.A. (Cantad.), 


Stud.1.C.E. 
Parks, Mavricr, B.Sec.Tech. (Ma 
chester), Stud.L.C.E. . | 
PaRNELL, Brian, B.Sc.(Eng.) (London). 
Parsons, JOHN Epwarp BLACKWELL, 
Stud.1.C.E. 
Payne, Jonn Srvart, Stud.I.C,E. ; 
B, Davip Joun, B.Sc.Tech. (Man- 
chester), Stud.1.C.E. 
PEARLSTONE, BERNARD. 
Pret, Ronaxp, Stud.1.C.E. 
Fst Ricuarp Gkrorrrey, Stud. 
Ponp, Roy Vicror Jamus, Stud.I.0.E. — 
Ponrasan, ANTHONY JAMES PRINCELY 
B.Sc.(Eng.) (London). 
Porr, JAMES ArTuuR, Stud.I.C.E. 
Prick, Dennis CLirForD, B.Sc. (Wales), 
Fa ae 
ck, Derrek Artur, B.Sc.(Eng. 
(London), Stud.I.C.E. ; ‘e 
B.Se 


Ricoarp WyNDHAM, 
ekg 

UINN, James Ianattivs, B.E. (National 
Ratkegs M ( f 


ADMISSIONS 5 


RicHaRpson, Joun Kerra, B.Sc. (Leeds), 
Stud.I1.C.E, 
RozJonns, 
(Bristol). 
Ror, Drrex Frepericx, B.Sc.(Eng.) 
(London), Stud.I.C.E. 
Rotrz, Frank VALENTINE, Stud.I.C.E. 
Ross, J oHN Epwarp, Stud.I.C.E. 
Rosren, Lronarp, B.Sc.(Eng.) (London). 
Russet1, ALEXANDER Forsrs, Stud. 
LCE. 
ee Epwarp, B.Sc.(Eng.) (Lon- 
on) 
SAMUEL, eer, B.Sce.(Eng.) (London), 
Stud.I.C.E 
SANDERS, Prrer Joun, Stud.I.C.E. 
ScHOLNIcK, GABRIEL, B.Sc. (Cape Town), 
Stud.1.C.E. 
Scort, ArTHUR, Stud.I.C.E. 
SHIHABI, Farvg ZuHAIR, B.Sc.(Eng.) 
_ (London), Stud.I.C.E. 
Suveson, Davi, B.Sc. (Manchester). 
SIVALOGANATHAN, KATHIRITHAMBY, 
B.Sc.(Eng.) (Zndon), Stud.1.C.E. 
SIVASUBRAMANIAM, APPUDURAI, B.Sc. 
Tech. (Manchester), Stud.I.C.E. 
SIVASUBRAMANIAM, SINNADURAI, B.Sc. 
(Eng.) (London), Stud.1.C.E. 
SKELDON, PreTER Joun, Stud.I.C.E. 
Skinner, Ronatp Auister, B.Sc.(Eng.) 
(London), Stud.I.C.E. 
Smrru, Davin Wi1114M, Stud.I.C.E. 
SOMASUNDERAM, SELLADURAI, B.Sc. 
(Eng.) (London). 
Soutucatr, Raymonp Tuomas, Stud. 
1.C.E. 
Sprarine, GzorcEe Davin, B.Eng. (Shef- 
in Stud.L.C.E. 
D, Brnzamin CuHariis, B.Sc. 
" (Belfast), Stud.1.C.E. 
ee Grorrrey, Stud.I.C.E. 
STAVELEY, PretrR Wur11amM, B.Sc. 
(Natal). - 
SrrccaLL, Matcotm Rona.p, Stud.I.c.E. 
Srewarr, Patrick Huston, B.A., B.A.I. 
(Dublin). 
STOCKDALE, Joun KENNETH, Stud.I.C.E. 
AN, RicHarp ARTHUR, B.Sc. 
(Cape Town), Stud.1.C.E. 
SwiInDELLs, TREVOR Davis, Stud.I.C.E. 
TayLor, GORDON Wiu1am HERBERT, 
_ B.Sc.(Eng.) (London), Stud.1.C.E. 
en Prrrr, B.Sc.(Eng.) (London), 
Stud.1.C.E. 
ate RayMonD WIL114M, Stud.I.C.E. 
: 0. 


Ronatp Henry, B.Sc. 


Tompson, RaymMonp Francis, Stud. 
LC.E. 

THORBURN, SAMUEL, Stud.I.C.E. 

Tort, DrREK Haro_p, Stud.1.C.E. 

Toner, Wittiam AntHOoNY, B.Sc. (Bel- 


fast), Stud.I.C.E. 


TORRANCE, KENNETH CHARLES, B.Sc. 
(London). 
TurNER, FRANK Royur, B.Sc.Tech. 


(Manchester), Stud.I.C.E. 

TYRRELL, Norman Rosert SrEExz, 
B.E. (New Zealand). 

Upton, CuarLes Haynus, B.E. (Sydney). 

Vaswanl, HARKRISHIN PAHLAJRAL. 

VISVESVARAYA, HosaGRAHAR CHANDRA- 
SEKHARAIYA, Stud.I.C.E. 

Vuuuiamy, Patrick Davin, B.A. (Can- 
tab.). 

Wave, Donatp Hues, B.Sc. (Birming- 
ham). 

Watnwaicut, Davin Kerru, Stud.I.C.E. 

Warp, ALFRED NEVILLE, B.Sc.(Eng.) 
(London). 

WaRkREN, ALAN ARTHUR, B.Sc.(Eng.) 
(London). 

Watson, HucH SEYMOUR PENNEFATHER, 
B.Se. (Bristol). 

Wart, Jamss, B.Sc. (Aberdeen). 

Watts, GEOFFREY Epwarkp, Stud.I.C.E. 

WEBBERLEY, JOHN, Stud.I.C.E. 

West, AntTHony RicHarp,’ B.Sc. 
(Durham). 

West, Rosert Ernest, Stud.1.C.E. 

WHATELEY, REGINALD GrEORGE, B.Sc. 


a a ) (London). 
Wrxtn, Frank Tuomas, B.Sc. (Bir- 
mingham). 

WiuiaMs, Frup Trevor, B.Eng. (Liver- 
pool), Stud.I.C.E. 

Wiuuams, Prrzr Maanus, B.Eng. 
(Liverpool) 

Wison, Derek Lonspate, B.A., B.A.T. 
(Dublin). 

Wutson, Ricuarp Drnnis, B.Sc. (Cape 
Town). 

Winpers, Joun Davin, B.Sc.(Eng.) 


(London), Stud.I.C.E. 
Wiruers, Davip Henry, Stud.I.C.E. 
Woo..ey, Davip Artuor, Stud.I.C.E, 
Wynne, Joun Luioyvp, Stud.I.C.E. 


Yaxutey, Denis Warrineton, Stud. 
LC.E. 

Youne, Ernest Franx, B.Sc.(Eng.) 
(London). 

Youne, Wuimm Movtp,' BSc. 
(Durham). 


6 ADMISSIONS 


and had admitted as 


Axremu, Pavut WILSON 
ONOTCHEMUWADA. 

Armour, CaRLYON WALLACE. 
Barnes, MicHaAEL FREDERICK. 
Barty, Micnak. FRANK. 
Beaton, Harotp CAMPBELL. 
BEppow, JosEPH DEREK HARVEY. 
BeEnpDER, Courn CLIVE. 

Berry, MicHAEL FREDERICK. 
BrwseEy, RonaLD WALTER. 
BICKERDIKE, JOHN. 

Brack, RONALD. 

BuiakE, RonALp JAMES. 

BorpeErs, CLIFFORD JOHN. 
Bovineton, ALAN ROBERT. 
BRASHER, JUSTIN CONRAD. 
BraysHaw, ALLAN Roy. 

Brent, NoEL JOHN. 

Brinuam, Donatp LEwIs. 
BrovuGHaM, GEOFFREY GRAHAM. 
Brown, WILLIAM BARNETT. 
CastLe, Epwryx JoHN LAWRENCE. 
Cuask, JouN TREVOR. 

Curr Keno Yam. 

Ciark, KennEtTH VICTOR. 

Ciark, RicHaRD ANDREW. 

CLARKE, DONALD. 

CLARKE, RoGER. 

Cxiunas, JOHN MICHAEL TuDoR, 
Coopzrr, BRIAN. 

Coorrr, Jonn Hout. 
-Cooprr, MicHaEL RussELL, 
Couxtson, Ropnry Ricuarp. 
Crawrorp, Duncan MoCaLLum. 
CRISALL, CHRISTOPHER JAMES PHILIP. 
Curry, Patrick VINCENT. 

Dewar, ROBERT. 

Drake, FREDERICK Coin. 
Dickrrson, Maurice Wooprurr. 
Dunn, Stpnry ALFRED. 

Dyzr, Rospert Hvuen. 

Epwarps, RicHarp WILLIAM. 
Exxiorr, Kerra Stuart. 

Evans, Antour THomas. 

Evans, Ricoarp ANTHONY. 
Fawcert, BRIAN, 

Forpmr, Jonn Wiii1aM. 

Fox, Ciivn. 

Gerryts, ABRAHAM DE VILLIERS, 
Gipson, Uric Painpert MoKetn, 
Grrrrens, Grorar Luopoxp. 
GuarsTER, HaRoLD Prerrr Ditworra. 
Goopman, Davin FREDERICK, 
Grant, Davip Witt1Am LawreEnon, 
GreEENING, TREVOR Guy. 
GrrEenwoop, Davrip Grrap. 
Grisrson, JAMES Hatysurton. 


Students 


OMAGBEMI 


Grrxont, DonaLp Cyrrit FRANCIS. 
Hay, RONALD. 

Hamitton, Ian. 

Hamitton, JoHN MoFarLaneE. 
Harper, JOHN BRIAN. 
Harris, GLYNNE JAMES. 
Hayes, Brian WILFRED. 
Hayes, CHRISTOPHER EDWIN. 
Heap, KENNETH CHARLES. 
Heatu, MIcHaAEL WALTER. 
Hopees, Joun HENRY. 
HoupswortaH, JoHN EDWARD. 
Hoiioway, JOHN EDWARD. 
Horton, JoHN PHILIP. 
Hvuaeues, WILLIAM Bott. 


James, Davip Harry. 
JENNINGS, DuncAaN RICHARD. 
JOINER, [AN WILLIAM. 
JORDAN, DENNIS RODERICK. 
JusB, Epwarp MICHAEL. 
Kearns, Micoart Epwarp. 
Ketiy, Brian Haroup. 
Kempiey, TERENCE THOMAS ALFRED, 
Kenwarp, [an JOSEPH. 

Kina, Jonun Aupvus. 

KLEYNHANS, ERNEST JOHN. 
Kynow tess, RicHarD WILLIAM. 
Kowatsxi, Taprusz GABRIEL. 
Kinny, Heryricn Avaust. 
LANCASTER, ANTHONY JOHN, 
Lanprr, RAYMOND. 

Lerauton, Nem Harry. 
Lerman, JoHN ALBERT, 
LuFrMan, KENNETH WILLIAM. 
Macponatp, Kerra Epwarp. 
McCuiure, Desmond ROBERT. 
McDowet1, ALEXANDER SAMUEL, 
MacGrecor, Micuart Davin. 
Matiory, Kerra, 

Manaan, ANTHONY JOSEPH. 
Manaat, Harcnaran SINGH. 
MANSFIELD, PHIvip. 

Marcuerti, Guripo THomas. 
Martin, WILLIAM FREDERICK. 
Mitter, Davin Ian. 

, CHRISTOPHER. 
MircHELL, CoLtin WILLIAM. 
MrroweL., Hue Mimuer. 
Monteomery, Huan. 

Mor.ey, Jonn Howarp. 
Morrisu, JAmEs FRaNocIs. 


ADMISSIONS 


Mor, Jonn Kerr. 

Mounnery, WALTER FRANK OWEN. 

Naz, Micnart ALBERT, 

NeEtson, RayMonpd Part. 

Nicnouas, Roy Epwarp. 

Nisbet, JAMES. 

OstBamowo0, JuLIUS OLATUNII. 

PADMANATHAN, THAMBYAYAH. 

PaprigeLp, ANTHONY Davip Dokt, 

PARNELL, GEORGE Epwarp Rona.p. 

Prcoxuam, DonaLp FRANCIS. 

PEPPER, PETER JOHN. 

PERERA, WILLORAARACHOHIGE SRIAN- 
ANDA DHARMABANDU. 

Prt, JouN MOLuLett. 

Porter, STUART. 

PooLoGASOUNDRANAYAGAM,KANDASAMY,. 

PowNALL, THOMAS. 

PRELLER, Harry MICHAEL. 

Prior, Conn REGINALD. 

RamssBortom, JAMES. 

Rawiinson, DERRICK. 

Raysovutp, Howarp Kzrru. 

Repmi1, Davin Micuart. 

Rizzo, Nort VINCENT GEORGE. 

Rossins, JOHN BERNARD. 

Roserts, Patrick Davin. 

Rosrnson, Davip CARLTON. 

Rosinson, RicHaRD ALBERT. 

Row anps, Hue Davin. 

Saver, WILLIAM Ewart. 

Scanzs, Ropert LeonarD. 

SHaw, GEorrrey FRANK, 

Smupson, ALAN GEORGE. 

Sims, Roy BLackmoRE. 

SKELLERN, WILLIAM. 


SLANEY, JoHn Purr. 

SmiTH, FRASER KENNEDY. 

Smiru, Kurta Francois Srp@wiox. 

Sparks, ABYN DERECK WALSH. 

STEPHENS, Rosert Lovis. 

STEPHENSON, GEOFFREY OWEN. 

Stimson, Joun RopNey. 

Stower, Trmoruy. 

Sturcsss, Joun Harry Dovanas. 

Suq@pxEn, ALAN. 

TENDOLKAR, PRABHAKAR SHAMRAO, B.E. 
(Bombay). 

Tuer, ARTHUR ABRAHAM. 

Tuomas, ROBERT. 

THORBURN, JOHN QUARRELL, 

THORN, JOHN Happon. 

Tompkins, Davin EpwarpD ALFRED. 

UNDERWOOD, BRIAN GORDON. 

VINK, PIETER. 

WALKER, ALLAN. 

Warner, DonaLp Epwin. 

Wess, WILLIAM JAMES, 

Wericu, CoLin FERGUSON. 

WELDON, GERALD DuNcAN. 

WELLS, DENNIS CROSBIE. 

West, BRIAN REGINALD. 

Weston, FRANcis Scorrt. 

WILKINSON, Peter DEREK. 

Witt, ALEXANDER IAN. 

WILson, GEORGE. 

Witson, Haro.p CHARLES, 

WINGFIELD, [AN ROLAND. 

Wone Yur-CHEona. 

Woop, AntHony KNOWLES. 

WRATHALL, GERALD LESLIE. 

Youne, Con. 


The Secretary announced the awards which had been made by the 
Council for Papers read at meetings in Session 1953-54. Full details of 
these and other awards are given on p. 29. 


__ A number of the recipients were in attendance and the President made 


the following presentations :— 


Certificates of the award of Telford Premiums to Major-General G. N. 
Tuck, and Messrs Bryan Donkin and C. G. Carrothers. 

A Certificate of the award of a Crampton Prize to Mr J. I. Campbell. 
Certificates of the award of Telford Premiums to Sir Charles Westlake, 
‘MrT. A. L. Paton, and Dr H. E. Hurst. 

a A Certificate of the award of a Trevithick a to Mr E. A. G. 


_ Johnson. 


and R. le G. Hetherington. — 


- Certificates of the award of Telford Premiums to Messrs J. T. Williams 
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Certificates of the award of a Webb Prize to Messrs I. M. Campbell and . 
N. J. Nichols. 
A Coopers Hill War Memorial Medal and Certificate to Mr J. A. Neill. . 
Certificates of the award of Telford Premiums to Messrs T. J. Upstone 
and W. H. Cardno. : | 
Certificates of the award of a Manby Premium to Messrs 0. A. Kerensky | 
and K. E. Hyatt. | 
Certificates of the award of Telford Premiums to Messrs H. D. Morgan; 
C. K. Haswell, Dr T. P. O’Sullivan, Professor A. L. L. Baker, and. 
Mr Jack Duvivier. 
A James Forrest Medal, a James Prescott Joule Medal, and a Certificate . 
of the award of a Miller Prize to Mr D. H. Kent. 
An Institution Medal to Mr J. C. Noel. 


said that it gave him great pleasure to do so. Mr Watson was very wel 
known on account of all the work which he had done for many years 
past for the Institution. Nineteen years ago his father had been elected | 


faction to occupy the Chair once filled by his father. 
He then requested the new President to take the Chair. 


Mr David Mowat Watson, B.Sc., then took the Chair as President 
and called on Sir Arthur Whitaker to move a resolution. 


“ That the members present at this Meeting desire, on behalf of them- 
selves and others, to record their high appreciation of the services rendered 
to the Institution by Mr Shepherd-Barron during his term of office as 
President.” 


It was well known, he said, that the duties of the President were arduous, 
but during the past year they had been exceptionally so, since there had 
been a change of Secretary and, owing to the unfortunate death of 
Graham Clark, an interregnum. The Institution was fortunate that 
during that very difficult period Mr Shepherd-Barron had been present, 
with his very practical mind, to guide its affairs. . 

One of Mr Shepherd-Barron’s leading good qualities was that he was 
not hidebound by tradition. The Institution was permeated by tradition. 
He was one of those rare mortals who, though demolishing tradition, alsc 
created it, and one or two of the things which he had done during his 
term of office would probably become traditional in the years to come, 
One of these of perhaps special interest to the younger members—althougl 
it was said that the Members of Council occupied the floor—had been that 
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at the Conversazione this year the Great Hall had been used for the first 
dance ever held there. That was due to Mr Shepherd-Barron. 

Mr Arthur Floyd, who seconded the motion, said that it was impos- 
sible to over-state the debt which the Institution owed to the retiring 
President, and therefore it was a very great privilege to second the vote 
of thanks and to reinforce and support what Sir Arthur Whitaker had so 
ably said. It would be readily accepted that when the Institution conferred 
the honour of President on one of its members the Institution itself was not 
“unaware of the distinction thus bestowed, but Mr Floyd thought he would 
be right in saying that when the President undertook his duties he was not 
very long in putting the balance of that distinction very much on the 
other side, and very soon became aware of the exacting nature of the 
duties which the Institution had asked him to undertake. 

Mr Shepherd-Barron had followed in the line of succession of former 
Presidents who had been no less distinguished than himself. Those who 
had seen him in action knew very well that he had not spared himself in 
the service of the Institution. In leading in a most outstanding way the 
affairs of the Institution he had impressed his personality on them all. 
He had that amazing combination of gentleness and firmness which was 
so desirable in anyone holding such a high office and which was the hall- 
mark of a great personality. The Institution, in conferring a distinction 
on him, had conferred a distinction on itself, and Mr Floyd was certain 
that when the motion which he was seconding was put to the meeting 
the members present would make that fact abundantly clear. 


ee 
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_ and are seldom sentimental about their profession. Their outlook on life 
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David Mowat Watson, B.Sc. 
President, 1954-55 


In electing me to be your President you confer upon me the highest honour — 
which this great Institution has to bestow. My gratitude to you cannot 
readily be expressed, but it is with pride that I thank you now, and in | 
humility that I acknowledge my duty to apply such talents as I possess to 
your service that I may endeavour to bring credit to you. The knowledge 
that I am embarking on an onerous service does not deter me from my 
desire to serve you. 

Nineteen years ago my father stood where I now stand and I have at 
least this in common with him that I have the welfare and the honour of - 
our profession at heart. I am proud to think that I am thought worthy 
to bear my share in this great work and to have my name recorded with his. 

No one could take up these duties without giving some thought to the 
great engineers who have occupied this Chair in the past. Eighty-nine 
names confront me, names of men who have brought distinction to this 
profession, names of men who have guided the affairs of the Institution 
and played their part in its evolution from the days of its foundation to the 
present time. One hundred and thirty-four years have elapsed since our 
first President took office, and our profession might be said to have been 
established. 

That is now history and engineers do not as a rule dwell in the past 
and its problems is generally realistic, their attitude progressive. Their 
time is usually too fully occupied to allow them to delve into the past and 
take pleasure in it and, for that very reason, they tend to ignore the genesis 
of their own being, the aims and ideals of their predecessors, and the 
directing force which inspired them. That our heritage in the Institution 
18 @ great one we do not for a moment doubt or deny, but we take little 
thought of the responsibility which is ours by inheritance. Who knows 
what our profession would be like today if the early idealists had held 
different views? And are we loyal to those views? Edmund Burke 
once said, “ People will not look forward to posterity, who never look 
backward to their ancestors.” Not only the opportunities we grasp but 
the opportunities we miss will be history in the future. i 

For a few minutes this evening let us refresh our minds on some of the 
conditions of the past, and maybe contrast them with the conditions of 
today when our difficulties are so very different. Perhaps we may even 
gain inspiration by thinking sometimes of the rapid strides the old pioneers 
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made and the originality of thought they brought to bear on what to 
them were new problems. They were bold in their conceptions; are we 
bold enough? Are we too ready to accept the restrictions imposed on 
us by modern conditions? Are we so hedged around with stereotyped 
ideas, Governmental regulations, standards, and “ usual practice,” and 
even thoughts for the safety of our own positions, and provision for our 
old age, that we are afraid to indulge our own individuality ? 

John Smeaton (1724-1792), often called “ The Father of Civil Engineer- 
ing,’ probably deserves pride of place as the founder of our profession. 
He it was who not only brought to it technical education, which resulted in 
scientific application of the crafts, but inspired a professional spirit amongst 
his followers and successors—a spirit which may indeed have resulted 
indirectly in the founding of our Institution. These followers discovered 
4 means of expressing their corporate spirit and seriousness of purpose 
when they founded the Institution. In the past we have not sufficiently 
honoured them. 

How many of us remember the story of the origin of the Institution 
and that it existed for 2 years before the first President, Thomas Telford, 
was invited 1 “‘ to patronize the Institution by taking on himself the office 
of President of the same?” After all these years we are at last making 
tardy recognition of Henry Robinson Palmer as our founder. He it was 
who deserved pride of place because it was he who first brought together 
in a London coffee house 1 a number of enthusiastic young engineers on 
Christmas Eve, 1817. He read a Paper on that occasion and so inspired 
his audience with the idea of association, that only 9 days elapsed before 
they met again and resolved “. . . that a Society be formed consisting of 
persons studying the profession of a Civil Engineer.” Four evenings later 
they again met to elect two Chairmen—Field and Palmer—and a Secretary 
—Jones ; and yet again they met only 7 days later on the 13th January, 
1818, to adopt the title we use to this day—the Institution of Civil 
Engineers. 

In that short space of 20 days those young men held no less than four 
meetings and showed in that way, even if in no other, that they felt the 
need of something in their professional lives. What it was they needed 
we are not told, but we must assume from the results achieved that they 
felt the need of association and cohesion of civil engineers, not unification 
(0 promote better conditions for themselves but to facilitate their own 
earning, and to foster pride in their own profession and the conduct of 
hose engaged in it. 

That story is on record in the Institution and known to you all, but I 
uummarize it here because it was the foundation of our education, our 
raining, our facilities for learning from our colleagues, the literature of our 
institution, our recognition of our fellows, our desire to act in accordance _ 


r a) 
a 1 The references are given on p. 26. 
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with the highest ethical codes of professional conduct, and above all our 
rofessional pride. ; :# 
A When an third President, Sir John Rennie, assumed office in 1845 he — 
delivered a brief address 2 in memorable terms, and I make no apology fo: z 
quoting it at some length, because it expresses more eloquently than 7 
could hope to do how much this noble profession of ours calls for originality 
and inspiration. He finished that address by sayimg— - | 
“* When we look around us and see the vast strides which our professio! oF 
is making on every side, and the deservedly high place it holds in public” 
estimation, we cannot but feel justly proud; for without the slightest 
disparagement of the pursuits or studies of other professions, I may con- 
fidently ask, where can we find nobler or more elevated pursuits than 
our own; whether it be to interpose a barrier against the raging ocean, — 
and provide an asylum for our fleets ; or to form a railway, and by means _ 
of that wonderful machine—the locomotive engine—to bring nations — 
together, annihilating, as it were, both space and time; or to constru | 
the mighty steam vessel, which alike regardless of winds or waves, urges — 
onwards its resistless course ; or to curb and bring within proper bounds 
the impestuous torrent, converting its otherwise destructive waters to our 
use and benefit, whether for navigation, trade, or domestic comfort; or 
the drainage of the unwholesome marsh, and converting it into fields of 
waving corn; or illuminating our cities with gas, changing, as it were, — 
night into day; or the fabrication of machinery of endless form and — 
ingenuity, by means of which every article, which can tend to man’s 
comfort and luxury, can be produced in the greatest perfection, at the 
smallest cost ; or to recover from the bowels of the earth nature’s exhaust- 
less treasures, and forming and preparing them to our use. In fact we 
may almost say, that there is nothing in the whole range of the material 
world, which does not come under our observations, or where the skill, 
and science of the engineer is not required, in a greater or less degree, to 
render the bounties of Providence subservient to the good of mankind. — 
“‘ With such splendid prospects before us, we have every inducement to 
stimulate our zeal, and to press forward in the career of improvement. 
Thanks to our illustrious predecessors, Smeaton, Watt, Brindley, Jessop, 
Huddart, Chapman, Telford (and I may with pride add to these the name 
of Rennie), and to our present distinguished members, much has been. 
done, but still more remains to be done. With this excellent Institution 
(which has already achieved so much good) as our rallying point, in which 
all our energies should be centred, there is no doubt but that our 
exertions will be crowned with success. 3 
“Our first object should be to render our meetings interesting and 
instructive, by the production of good papers on every subject, connected, 
directly or indirectly, with the profession. Let us all contribute to the 
best of our ability and opportunity ; those amongst us who may be too 
much occupied with the active duties of business to become authors 
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themselves, may still be of the most essential service to the Institution, 

‘by communicating, in verbal discussion, those facts, as the result of their 
experience which they have not time to record; and by directing their 
assistants to note and describe all interesting points, which are constantly 
occurring every day, more or less, in the routine of professional practice 
and which are too often lost to the world and the profession, for want of 
being recorded. 

“Let the junior members of the profession keep a regular journal of 
every thing which passes under their observation, and endeavour to 
classify the facts in such a manner, that they may be enabled to deduce 
general principles from them, which may be applicable under similar cir- 
cumstances; and let our non-professional and amateur members assist 
us by their liberality and support, by sending us original communications, 
books for the library, or models for the collections ; but above all, let us 
be true to ourselves, and banish all other feelings except those of unanimity, 
harmony, and kindness. 

“By these means this most excellent Institution will flourish, and the 
great profession which we follow will, if possible, become still more elevated 
in public opinion ; and we shall enjoy the proud satisfaction of knowing, 
that by our united exertions the grand objects of the advancement of 
civilization, and the happiness of mankind will be promoted.” 

In those inspiring words Sir John Rennie described our profession, 
urged us all to greater endeavour, and showed how we may all augment 

_the prestige of our Institution, and thereby benefit man. 

It is recorded in the Annual Report on the Session 1837 printed in the 
very first volume of the Minutes of Proceedings, that the Council “ believe. 
that the time is fast approaching, when a general conviction of the advan- 
tage which must result from the periodical meetings of the members of 
the same profession, will induce all scientific men to unite in advancing the 

great objects which the original projectors of the Institution had in view, 

_and which the Council has constantly laboured to promote.” In the same 
report two measures of the size of the Institution were given :—the one 
was a total membership of 252 comprising only 47 Ordinary Members, 93 
Corresponding Members—the equivalent of our Associate Members—98 
Associates and 14 Honorary Members; the other is taken from the pub- 

lished accounts for the previous year and shows the total expenditure for 

‘the year to have been £851 11s. 4d. Today our comparable figures are 
about 13,000 corporate members and about 7,000 graduates and students 
making a total of more than 20,000 and an annual expenditure of about 
£95,000. 

It would be true to say that our aims and objects are the same today 
as they were in 1837, but the scope for prosecuting them is much wider 
and the work involved in their achievement is greater—perhaps infinitely 
greater. Our membership and organization are incomparably larger, 
although that was to be expected, as the growth of civil engineering works 
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demanded more civil engineers, but those engineers would not have | 
become members of the Institution had not the Institution been wisely 
and properly controlled. On that, and on insistence on suitable education” 
and training, rather than on the growth of our membership should we 
feel a sense of satisfaction in our status amongst the learned Societies. t 

Although Sir John Rennie spoke? in 1845 of the “deservedly high 
place our profession holds in public estimation ” it is doubtful if the public 
of today are given the opportunity of forming an estimate of the place hel 
by the civil engineer who is too often content to be just a back-room boy, 


of whom the public has never heard. His work is taken for granted ; he in ) 


too modest and does not seek recognition of the essential part he plays 
inspiring, planning, and working out all the practical details which even. 
tually give place to the actual direction of the great sources of power in 
nature to the use and convenience of man. That we should blatantly 
advertize ourselves is an objectionable and an improper thought, but our 
Institution has given us some lead in how to make known with dignity 
some of our works. There is still need, however, for clear thinking to_ 
abolish all foolish assumption of modesty, untimely silence, and cloistered 
indifference. 
The public do not know the heavy responsibility that rests on the 
engineer in spending public money on capital works ; they do not realize 
that his lengthy processes of comparing many ways of doing even a simple 
job, assessing the life as well as the annual costs, is by no means a mechani-— 
cal process. It is his experience and judgement which prompt him to 
recommend only one of the many schemes he has considered. Thereby 
he assumes the real, if not the nominal, responsibility. 
Just as charity begins at home, so should modest aggrandizement of 
our own importance begin within our own ranks. There are many 
Associate Members who qualify for Membership but do not apply for it. 
It is an honour to hold the highest rank of one’s profession and the prestige 
of both the individual and the Institution is enhanced by transfers. If we 
ourselves fail to show justifiable pride in our own status, can we wonder 
if the public fail to recognize our qualifications ? . 
In the early days the term “ civil engineer” was an all-embracing 
designation for all non-military engineers and the scope of their activities 
was the wide definition of our Charter. The very magnitude of the subjec 
led rapidly to the need for specialization ; nowadays, the accumulation of 
experience and research with their considerable bibliography, combined 
with better technical education, has inevitably necessitated greater and 
greater specialization as time has marched on. For convenience the term 
“civil engineer’ has become more restricted in its meaning since our 
brothers in mechanical and electrical engineering founded their own 
Institutions, but fundamentally, and in fact, this Institution remains avail- 
able to all practising engineers who comply with our membership con-— 
ditions. In more recent times confusion has been caused in the minds 
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of the public by the formation of engineering institutions devoted in their 
interests only to departments of civil engineering—departments which are 
included in civil engineering as judged by even the most restrictive defini- 
tions of today. To make confusion worse confounded the very word 
* engineer ” has become so wide in its use and so loosely applied that it is 
doubtful if it has any value left. In 1922 the Institution obtained a 
supplemental charter empowering all its corporate members to call 
themselves ‘‘ Chartered Civil Engineers ” and this had at least the merit 
of enabling the professional engineer to describe himself with the minimum 
‘of confusion. The term is perhaps not ideal but it is the best available to 
us and its more common use would result in education of the public. 
_ In the Annual Report on the Session, 1838, Telford was quoted 3 as 
having once said that “Judicious regulations are absolutely necessary 
in all societies, but I trust that in this the good sense of the members will 
always feel that manners and moral feeling are superior to written laws.” 
We civil engineers claim that our education is wide and embraces many 
technical studies and subjects; that our activities bring us into contact 
with the labourer, the craftsman, and the academician, the administrator, 
‘and members of other professions ; that our experience teaches us to be 
just, to weigh our facts, to avoid hasty decisions, to look at all points of 
view. Surely, if our claims are justified, we can govern our own behaviour, 
‘treat our fellows fairly, and comport ourselves with propriety in our 
‘personal and professional capacities. If we can, if we are all of one 
thought, if we all conform to the rulings of our own professional colleagues, 
then we can truly say that “manners and good feeling are superior to 
written laws.” In our Institution we have written laws because every 
“community must have a government of some kind, but the test of our 
behaviour is the frequency of infringement of those laws. The Council 
* a committee which is concerned only with professional conduct and 
-contraventions of the Institution’s written laws of conduct. I have served 
on that committee for a long time now and can say with pride that it is by 
far the lightest-worked committee of the Council. The alleged delin- 
quencies are few, and the committee seldom has to meet. Let us take 
pride in that fact and its implication ; let us continue to be influenced by 
our loyalty to our own great profession, and its etiquette. 
With all his wide training and extensive experience of men and the 
world, the engineer seldom enters the realm of pure administration. Yet 
he has so many of the necessary attributes and qualifications ; he must 
‘know men from the labourer upwards; he must learn which of them to 
‘trust, and which to promote to greater responsibility ; his whole outlook 
‘has been directed to just and fair dealings; his experience has taught 
him how to delegate responsibility to others but to continue to direct 
their endeavours to suit the combined efforts of a whole team of workers, 
always with the main end in view; his scientific education is broad 
enough to enable him to appreciate the results, if not the difficulties, of 


ae 


16 PRESIDENTIAL ADDRESS 


scientists, and his experience has taught him to handle men to get the 
best out of them, from the highest to the lowest. Senior engineers devote : 
most of their time to administration, but only a few make their unique : 
experience of human nature and the wide range of engineering economics ; 
available in administrative posts. 
Comparison of our difficulties today with the difficulties experienced 
by the engineers of the early formative period in the history of our pro 
fession would be unprofitable, even if possible. Nevertheless, when we 
are tempted to think unhappily of our handicaps, frustrations, and inability 
to get on fast enough, it is not only a comfort to think of the difficulties of ' 
olden times but a stimulus to our fighting spirit. I think there was mo: 
prejudice and doubt for the old engineers to overcome before being allowed 
to undertake a project; I think they had greater trouble in persuading - 
employers or clients that they had the requisite ability and experience to 
command respect. Nevertheless, there was a prevalent spirit of adventure 
in the world which could be invoked by men of such strong personality as 
some of the early engineers. At times their office problems must have 
been acute just as ours are. Where could they get assistant engineers 
staff the office in the days when few men had both scientific knowledge and 
experience of the constructional crafts ? How much time would be avail. 
able to direct the office staff whilst recruiting a labour force and suitable 
men to take charge of it many miles away? Keeping in touch with those 
works involved travelling, which was incomparably slower. To read of 
the numerous works of Telford in all parts of Great Britain and to lea 
that he was in London for the Parliamentary Session and perhaps touring 
the Highlands on horseback to carry out comprehensive inspections of, 
say, the 60 miles of the Caledonian Canal, or all the harbours of the north 
and east of Scotland in the same year makes one wonder how he found time 
even to know what was going on on his own works. A moment’s thought 
only is needed to see in such activity, without railways, roads, motor cars, 
aircraft, or quick postal service, telegraphs, and telephones, a multitude 
of tribulations we are mercifully not required to overcome. Speedier! 
ways of travel and communication, better education and technological 
knowledge, as well as a fundamental development of carrying out the 
constructional work by contract, all had an important influence on the 
work of the engineer and his capacity for more and better work. . 
The public works contractor of today developed from this environment 
and grew from the modest beginnings we would today call sub-contracting. 
The engineer began to delegate to him the construction of the designed 
work, until now he hands over to him the whole of the construction. Into 
the contractor’s hands is put a complete delineation and description of 
what is wanted, setting out the conditions under which it is to be done, 
and the engineer is then free to concern himself primarily with the p r 
manent outcome of the operations, whilst the contractor must hin 
look to the economics of the construction. As technological educatit 
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‘has advanced, so the contractor as well as the professional engineer has 
benefited by collecting about him trained engineers. 
__ There is today a working partnership between the professional engineer 
and the contractor which is a relationship of which we can be proud. At 
times our points of view differ and in our enthusiasm we are ready to 
‘mniscall one another with alacrity, but seldom with sincerity ; only occa- 
sionally do we differ seriously and have recourse to arbitration or the Law 
Courts. Our differences are resolved amicably enough and justice is done 
to our complaints of one another. Confidence between the two bodies has 
been established. To preserve it, however, the engineer throughout the 
administration of a contract between the employer for whom he is acting, 
either as a full-time salaried officer or as a consultant, and a contractor 
‘must act with scrupulous fairness whether the result is for or against his 
ownemployer. His state of independence to judge fairly between employer 
-and contractor must be unassailable, and any attempts to remove from his 
‘shoulders even a part of that great and honourable responsibility should be 
Tesisted strenuously. The intervention of a third party would, I believe, 
wreck these conspicuously successful relations at the ultimate price of all 
“public works. Too many of our public authorities are tending to bring into 
the administration of the contract other officials in addition to the engineer. 
‘That is deplorable and can only do harm in the long run, by destroying 
confidence, introducing unnecessary uncertainties, delaying settlements, 
and eventually raising costs. Obligation to be loyal to our heritage is 
heavy on us all but the duty to resist this interference is squarely set on 
the shoulders of the professional engineer. 
Just as the public works contractor of today has developed from the 
technically unqualified employer of labour, so have his tools changed 
beyond recognition from pick, shovel, and wheelbarrow to mechanically 
‘operated machines of astonishing mobility, size, and purpose. Their 
economic employment to lessen the cost of all operations is an important 
factor affecting the capital cost of all public works, but it is not possible 
for the engineer to take full advantage of it when he is designing, because 
he is then unaware of the identity of the successful tenderer. Had he 
been aware of it he might have adopted a design differing to some large 
or small extent. The desirability of public tendering is too well known 
to need comment, but is it beyond our ingenuity to evolve some system 
owhereby the engineer can take full advantage of the facilities which will 
be available during construction and of the experience of the men who 
know best how to handle their own plant to get the best out of it? Look- 
ing into the future it seems that the imperfectly informed may tend to 
favour “all-in bids” by contractors tendering on design as well as con- 
struction, and if so, they will thereby fall a prey to all the serious evils of 
competitive design. Overseas work affords some evidence that this is not 
an unfounded fear. That the merit of a design cannot be judged by cost 
is known by us so well that it is not worthy of mention, but, astonishing 
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as it may be, it is not known by very many bodies who ought to know; an | 
we should help them to understand. a 
So far I have thought of our profession in its widest application but I 
turn now to the more limited sphere in which I have so long been engaged. . 
If this has absorbed my attention over a much longer period than it ha 
remunerated my professional labours the reason can be found in mj 
unusually youthful opportunities and the atmosphere of parental disco q 
discussion, and objective training in which I grew up. Although no doubt + 
too young to appreciate all the questions involved, I was aware of many 
of the bold pioneering steps taken by my father in the field of public health 
engineering, and am proud to think of the unusually close relationship of 
thought and discussion which always existed between us. i 
Tonight, however, I want to remind you of the small beginnings of 
the public health engineer as reflected in the Proceedings of our own 
Institution. A mild interest in public health can be said to date back 
200 years but it was not until the time of Edwin Chadwick (1800-1890) — 
that a substantial weight of opinion began to demand the removal of - 
sewage matter from towns, and the use of public money, spread over a 
period of time, to pay for the sewers. Only gradually was this accepted 
as a necessity in the creation of healthy living conditions in towns, but 
progress in this respect may have been caused by the needs of the industrial 
age and stimulated by the more charitable outlook born of the religious 
revival. This country then led the world in public health work. 


in the Proceedings indicated that many members took part even though 
lacking in experience of the drainage of towns. That was natural enough 
because few specialized and all were, therefore, willing to give serious” 
consideration to all engineering problems. Public health engineering w 


approach to it before settling down to engineering details of how best to 
give effect to ideas. For instance, in 1839 Jones, in writing,‘ of “ Sewage of _ 
_ the City of Westminster,” stated that the Commissioners of Sewers of that 
time were guided by the Act of Henry VIII—for the most part applicable 
to fen drainage. These Commissioners were not “. . . invested with powers 
enabling them to originate new lines of sewers, but being confined to 
improving those that exist, and controlling the construction of new ones.” 
He wrote, “A large portion of Westminster is below the level of high 
water, and the drainage of buildings being optional on the part of the 
builder, there consequently exist insulated houses and districts of loath- 
some filth, for want of sufficient compulsory powers on the part of the 
Commissioners.” Even in 1852 we read of “. . . miles of sewers in the 
metropolis which do not receive the drainage of one-tenth of the houses 
of the district,” a comment which apparently caused no surprise, anc 
shocked no one. 


More light is thrown on this subject in a Paper by Robert (later Six _ 
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Robert) Rawlinson, in 1852, and in the ensuing discussion which ran to 

portions of four evenings. In that Paper, which was entitled “On the 

Drainage of Towns,” Rawlinson stated5 that “In Paris the contents of 

water closets are generally excluded from the public sewers, and it is only 

peecently, that the law has been repealed in Liverpool, forbidding the 
turning of water closet refuse into the sewers.’ During the discussion, 
however, Haywood stated that ‘“‘. . . erroneous ideas prevailed as to the 
condition of the Paris sewerage ; formerly there was an entire prohibition 
of any faecal matter going into the sewers, and that prohibition existed 
legally to the present time ; but, by degrees, exceptions were made in 
favour of the prisons, the bartacks, the hospitals, the markets, and other 
public buildings, all of which had for many years communicated directly 

-with the sewers, which debouched in the Seine, in the middle of the 
City.” 

The Duke of Buccleuch’s Royal Commission in 1844 quoted figures for 
water supplied to houses. In Bristol, for example, only 5,000 people 
were served out of 130,000; Birmingham, 8,000 houses served out of 

40,000 ; Coventry, 300-400 houses served out of 7,200; Newcastle, only 
8 per cent of the houses served, and in Nottingham there were no less 
than 70,000 houses without water. Even in 1861 Homersham stated 6 

in a discussion in the Institution that of 13,000 houses in the City of 

“Leicester only 700 were connected with the sewers of the town. 

_ Such excerpts from records serve to emphasize the age of the Institu- 
tion and simultaneously, though somewhat anomalously, the recent nature 

of the fundamental concepts of public health engineering. Fifty years or 

7 so later the public health engineer began to say that not only the contents 

of water closets but all liquid wastes, even from trade premises, ought to 

be discharged to public sewers. Only in quite recent times, however 

(Public Health (Drainage of Trade Premises) Act, 1937), has the manu- 

-facturer or owner of trade premises been given the right, conditionally, to 

get rid of his liquid trade wastes into the public sewer, but the practicability 
and desirability of the practice was gradually growing stronger over this 

a longer period of time, and was unquestionably due to greater knowledge 

mongst engineers. 

_ Most of the sewers of that early time were built of brick ; pipe sewers, 

as an innovation, encountered many failures and much adcers criticism. 

“This controversy which runs through a number of the early discussions 

“was not just academic, it was quite clearly a major issue with many 
speakers. It was claimed that it was unfit for a man to crawl through a 

“sewer and in support of that argument it was said that new legislation 

“prevented boys from being sent up chimneys, but that more lives had 

“been destroyed 1 in foul sewers than were ever lost in crooked chimneys. 

“The contrary view held, however, was that crawling through sewers was 

voluntary and therefore not comparable. Figures were quoted in many 

discussions to show that the cost of large brick sewers was actually less — 


20 PRESIDENTIAL ADDRESS 


than that of small pipe sewers and that, since they did not collapse, there | 
was no replacement cost, as was necessary with broken pipe sewers. 
Rawlinson in 1852 spoke? of sectional forms of sewers as bemg V-shape | 
square, oval, and circular and also “ partaking of every combination of | 
these figures,” and he spoke of egg-shaped sewers as small as 4 inches in - 
diameter. \ 
While all this controversy was raging there were simultaneously and . 
intermingled with it, other conflicts of ideas about deposits in _the 
sewers and the hydraulic formulae suitable for calculation of sewer sizes, 
but the greatest problem of all was one we have not yet completely 
solved ; how best to treat the sewage collected, how to dispose of it 
without nuisance, and at the same time to utilize what is of value to the 
best advantage. 
In the discussion following a Paper by Green® in 1848—a discussion — 
which was opened by the Dean of Westminster—Lord Robert Grosvenor, 
M.P., spoke 9 of the desire “. . . to preserve and make beneficial use of the 
manure deposited in the various conduits, and instead of, as at present, 
pouring it into the rivers, destroying the fish, and forming shoals of foetid 
matter on the borders of the streams, to make use of it for agricultural - 
purposes.” Another speaker spoke of plans which had been proposed, 
“. .. for precipitating and deodorizing the matter of cesspools and drains, 
so as to convert it into a dry portable manure;...” He added, “ If the 
sewage water of London were preserved and applied to agriculture, it 
would go far to annihilate the necessity of rates altogether.” He referred 
to Edinburgh as having for nearly one hundred years irrigated meadow 
lands with town sewage. 4 
This latter claim was, however, heavily discounted in later discussion 
when most uncomplimentary remarks were made about the state and 
smell of these meadows. Nevertheless, many towns were disposing a 
their sewage on land by irrigation, but apparently the primary idea was 
to benefit the land rather than the watercourse into which the effluent was 
discharged. This attitude is illustrated by remarks! made in 1852 by 
Bidder who criticized the General Board of Health and “ their impractic= 
_ able schemes, for the distribution of liquid manure, by pipes and mechanical 
means, over great extents of country, not merely adjacent to but at con- 
siderable distances from the towns intended to be drained. As an instanc 
in point, he might mention, the proposition in 1849, to pump sewage water 
from London to Brentwood, a distance of 164 miles, to an altitude of 
420 ft above Trinity H.W. level, through pipes of 7 inches diameter, fo 
the purpose of irrigating an estate, and thence to continue the same sized 
pipes for upwards of 50 miles further, because it would ‘ be easy to send 
the sewage on as far as Colchester, or Ipswich, that being all down hill.’ ’ 
Controversy on this question of irrigation arose at many of the meetings 
and the value of land with and without sewage irrigation, value of sewage 
as a manure, smell, and danger to health were all hotly debated, though 
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“the need to avoid unnecessary pollution of watercourses never seemed to 
have been so seriously considered as it is today. 

ss Our point of view has understandably changed. In those early days 
the first problem came first, namely, to remove sewage from dwelling 
houses and populated areas; whereas today, with this difficulty solved, 
we concentrate more on the resultant difficulty of conservation of river- 
‘Water purity. Statistics of decrease in infectious disease, particularly 
water-borne disease, are used to show improvement in sanitary conditions 
as well as advance in medical practice, and formerly the emphasis was on 
‘those statistics ; today the focus of attention is on river pollution. 

_ That great pioneer of sanitation and public health legislation, Edwin 
Chadwick, is recorded as having taken part in a discussion in the Institu- 
tion more than once, but on one occasion he directed attention to several 
fundamental points. Thatwas in 1865, when he took part in the discussion! 
on Bazalgette’s Paper on the Main Drainage of London. He advocated 
tational drainage areas as defined by natural not artificial boundaries, 
self-cleansing sewers and drains, abolition of right-angled sewer junctions, 
better sewer-discharge formulae, and “since he had promoted the use of 
‘Pipe sewers ” he advocated them though many had in the past been badly 
‘made and badly laid. But his contribution to the land treatment of 
‘Sewage was the most stirring; he is quoted as having said that the soil 
‘itself is the best storage reservoir, the best deodorizer, and the cheapest ; 
that the need was for self-cleansing sewers, quick discharge from the 
houses as well as from the streets; that fresh sewage—not putrid at the 
‘outfall—has no smell. He went on, “ Fresh sewage is too valuable to be 
thrown into the river to feed fish, and should be on the fields to feed men. 
‘A poetical French writer,’ he continued, “ Victor Hugo, had said on this 
‘subject : ‘ These heaps of ordure in the corners of the streets—these cart 
loads of manure which go jolting along the streets at night—those horrible 
tubs of liquid—the pestilential flood concealed beneath the pavement—do 
you know what it allis? It is the meadow in flower—the green herb— 
the wild thyme and clover—it is the abundance of game—it is the flocks 
of sheep and herds of cattle—it is the contented lowing of oxen in the 
evening—it is the scented hay and golden corn—it is the bread upon our 
table—it is the rich blood in our veins—it is health—it is enjoyment—it 
is life; so it is ordained by that mysterious creation, which is transfor- 
Nation on earth and transfiguration in heaven. Give all this to the great 
crucible, and receive back abundance. The nutrition of plants is the food 
of man.’ ” 

_ Water-carriage of sewage was by no means readily accepted by engineers 

as the proper method of removal of sewage from dwellings ; long-drawn 
out and frequently recurring are the records in some of our early Pro- 
ceedings when this principle was challenged and keenly debated. It was 
said, with some justice, that the problem was only moved from one end 
of the sewer to the other where it was vastly larger and more complex in 
: ; y 


22 PRESIDENTIAL ADDRESS 


nature owing to the large volume of water involved. But the danger tog 
public health was unquestionably moved from the urbanized areas to th 
watercourses, and land treatment, long practised in many places, came¢ 
into greater prominence as the only proved method of purification of the 
sewage. That brought in its immediate wake the question of separatings 
the settleable solids from the liquid sewage and for years there were 
intensive studies and lively discussions in the Institution about meth 
of separation, mechanical screening, chemical precipitation, and p 
physical settlement in tanks. 
It seems obvious to us today that the champions of water-carriage 0} 
sewage should ultimately win the day, because we know now that by 
other means can the largest amount of unclean matter be removed from ai 
town in the shortest time. That is the engineer’s duty and although the: 
method he employs today is unchallenged he might perhaps profit by) 
stopping occasionally to satisfy himself that he is approaching as near to! 
the perfect state as he can. Are we entirely satisfying our conscience ?! 
Is the removal as efficient and complete as it should be? No doubt we 
are approaching the ideal; and the now stimulated acceptance of trade 
wastes, often of an obnoxious nature, into public sewers has in recent y: 
acted as a spur to the cleaning up of industrial cities even if not directl; 
of the actual dwellings. Do we remove and treat as much rainwater a 
we should? Do we pollute watercourses with the washings of many 
impervious areas and call it, euphemistically, “ surface-water”? Dis 
charged from a system of sewers entirely separate from our foul sewers 
this surface-water enjoys immunity from the stigma of the word “ sewage,” 
but we know that on occasions it is equally objectionable. Are we entirely 
happy about those overflows from foul sewers coming into operation when 
rain causes the flow in the sewer to exceed a rate glibly described as “ six 
times the dry-weather flow”? Why six times? And is “the dry: 
weather flow ” not in itself rather an academic term inducive of argument % 
Six times may be right, but are we always happy about it? Is it not an 
empirical figure which may be wrongly applied? We know that the 
Royal Commission on Sewage Disposal arrived at that figure and recom 
mended it as the result of much evidence and earnest consideration and 
we respect highly the monumental work of the Royal Commission, but d 
we perhaps shield behind it as a habit rather than as a considered decisio: 
specifically applicable to the individual case ? 
Although sewage works have almost entirely superseded the old 
sewage farm, and occupy perhaps only a hundredth part of the area, thet 
can be no doubt that our methods are still liable to undergo evolutionary 
or even radical, change. Modern practice has been built up piecemea 1 
over a period of many years; trial and error, research, and economic 
having played their important parts, but it is very marked that the 
scientific knowledge brought to bear on the operation as well as on th 
design is very materially greater today than it was in the past. It is 
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‘certain that the manager, the chemist, the biologist, and the engineer, 
Separately or collectively, will introduce changes in practice just as they 
are collectively concerned in overcoming many of the operational troubles 
and imperfections. In sewage-purification works design, therefore, less 
_than in most branches of civil engineering, could it be claimed that a given 
design would long remain up-to-date. 
_ For example, we follow long-established custom when we say that 
sludge disposal is the most troublesome part of the problem of sewage 
treatment. We have a greater choice of method of treatment of sludge 
at our command today than ever before, but we are constantly teased by 
the fundamental question of final disposal. Can the dried sludge in its 
final condition be usefully applied to the land, and are economics com- 
_pletely reliable when we decide to dump it on land or at sea? The cost 
of transportation from sewage works to agricultural land is a serious 
drawback to utilization on land, but money, and even labour values are 
fluid in a changing world. The absolute criterion is use or waste. 
__ Mechanization of sewage works has been gradual in the past 50 years. 
Manual operations of many kinds are now carried out by mechanical and 
electrical plant. For example, tank bottoms are now swept clear of sludge 
by machines while the tanks are still operating, whereas the tanks were 
formerly emptied and the floors cleaned by men pushing rubber squeegees. 
But in a world of changing values economics decided in favour of the 
“machine. None of the many processes of the modern sewage-purification 
works is now without its mechanical and electrical plant ; many of those 
rocesses are highly mechanized, and the value of such additional facilities 
as been taken advantage of to improve efficiency and control of plant. 
“Consequently, sewage-purification plant is today complicated to the extent 
of requiring mechanics and electricians in increasing numbers and the 
“management must be better informed technically than was once necessary. 
Process supervision, too, is of a higher technical degree, and better control 
of plant is assured owing to the constant vigilance and work of chemists. 
A _ Simultaneous with the gradual mechanization has been the improve- 
‘ment of education in Great Britain, and men employed on sewage works 
have become better able to appreciate the meaning of their labours and to 
7 terpret their instructions. Their knowledge of, and sympathy with, 
hings mechanical has grown with the mechanization and maybe for this 
reason they have less taste for hard or dirty jobs where a machine is 
known to be able to do those jobs equally effectively. The result is happy 
enough, because where once the labour costs for those jobs were less than 
the costs of machinery, the reverse is so often the case today. 
It is no accident that sewage works have become cleaner and tidier 
places during these transitions. Better education and higher living 
standards have led all men to develop and practise greater self-respect, 
and better working conditions follow. There need not now be any dirty — 
jobs on sewage works and hence slovenliness amongst the men; tidier — 
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thinking can, therefore, be reasonably expected, combined with grea 
working efficiency. 

The public mind has passed beyond the early ideas that sewage di 
posal can be made to show a profit ; it has advanced so far as to recognize 
that efficiency and lack of offence are a moral as well as a legal obligation ; 
it is slower to realize that cleanliness, dignity, and general amenity as we 
as spit and polish play an important, if not an essential part in the public: 
service. There is no end to the details, the inclusion or exclusion of which, 
may be debated as either extravagant on the one hand or niggardly on oe 
other. Refinements in control and more complete recording of p 
facts apart, the answer to such questions must in many cases depend on! 
common sense, psychology of the public, and of the men employed, as 


of them will often be found to be that the sewage works are needlessly 
unattractive. Sewage works presenting an unpleasant appearance are 
more often said to cause smell nuisances than clean and tidy works. 
Too little is known about the cost of sewage purification. The service 
is vital to Great Britain and the cost of it, though not vital, is of first 
importance to the ratepayer. Prior to the 1939-1945 war the Ministry of 
Health published, but only for a few years, analyses of expenditure incurred 
by Joint Boards, County Boroughs, Non-County Boroughs, Urban, and 
Rural District Councils on sewage disposal. Naturally enough, however, 
the plant employed and the treatment given are different in all places; 
the population served, the volume of sewage and storm-water treated, and 
the trade wastes and strength of sewage all vary, so that costs, even wher 
averaged, must be used with caution. The Institute of Municipal 
Treasurers and Accountants issue annually a “ Return of Rates levied ir 
the County and Non-County Boroughs and in Urban and Rural Districts,” 
but unfortunately there is only the one rate given for both sewerage an¢ 
sewage disposal. It is a serious reproach to us that a country so densely 
populated that abstraction of potable water from, and discharge of sewage 
to, our rivers is of ever-growing importance in our national life, shoule 
lack basic information about the cost of purification of one of the main 
discharges to the rivers. 
_ It is not universally known that the real difficulties of sewage purifica: 
tion are due to discharges of liquid wastes from trade premises. Most o} 
these wastes can be purified satisfactorily when mixed with domestic 
sewage but the proportions are sometimes of paramount importance. 
Indeed, many trade wastes, if discharged in too great concentrations, ar 
inhibitory to biological purification and it often happens that, in spite of 
all careful control at the sewage works and restrictive regulations at th 
factories, a discharge takes place which completely upsets the purification 


2 PRESIDENTIAL ADDRESS 25 


plant and in extreme cases renders it almost nugatory for days on end. 
No amount of knowledge of the best way to treat troublesome wastes 
avails against such varying conditions. The manager of the sewage works 
is helpless to control the quality of the raw sewage ; his purification plant 
will stand up to considerable variations in duty but it has its limitations, 
and rapid adaptability from one duty to another is beyond man’s control. 
, Carelessness, the human error, accident in the manufacturer’s premises, 
_ or even on the public road, all threaten the efficiency of the work done by 
_ the sewage-purification plant, and it cannot be too widely known that 
complete protection of our rivers from such acts of the public, whether 
_ accidental or illicit, is impossible. 

_ In their final report of 1914 the Royal Commission on Sewage Disposal 
_Tecommended that sewage effluent for discharge to an inland river where 
the dilution factor is at least eight, be purified to a defined standard which 
they called the ‘‘ Normal Standard.” That standard is more commonly 
_ recognized than any other and has been usually accepted in the past by 
"river authorities as the reasonable limit of purification. Nevertheless, it 
sometimes results in pollution, a word of unequivocal meaning. The law, 
though permitting discharge of sewage, prohibits pollution, so that the 
sewage effluent must be at least as pure as the river water. In some 
_ circumstances this is impracticable and in some it is impossible. 
Local authorities must, amongst many other duties, foster industry 
and drain the whole town. By so doing they make a rod for their own 
backs because too often the result is a sewage difficult to purify to the 
“exacting standard required by law. Where a manufacturing town is 
situated on a small clean river the local authority may conceivably find 
itself under an Order of the Court to purify its sewage to an impracticable 
or even impossible degree. 

_ Industrial wastes change as scientific discovery promotes new manu- 
factures or dictates changes in old processes, so that the wastes discharged 
to the sewers alter in the course of time. Some of them are notoriously 
- difficult to treat and all depend on the proportion of domestic sewage with 
which they are mixed. If the industrial wastes are in themselves a 
serious threat to our rivers, as for example radioactive substances, or the 
domestic sewage is itself charged with modern detergents, the resultant 
‘purification problem may readily be beyond our present knowledge. 
-Superimpose on this difficulty the smallness of our rivers, their increasingly 
heavy duty of conveying sewage effluents, and the increasing demand on 
‘them to supply water for public consumption, and the composite problem 
‘is seen to be one which cannot be resolved by harsh legislation. 

It is known today that the sewage of our industrial towns can be purified 
far beyond the Normal Standard and it may safely be inferred that all 
“sewage effluents could be similarly improved. The process is costly, but 
even so it does not always go far enough to satisfy the stringent demands of 
‘thelaw. Surely a country which led the world in public health engineering — 
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should not tolerate the possibility of a local authority suffering iD 
Order of the Court which directs it to do something no one knows how’ 
to do! New legislation is long overdue and is urgently required ; new 
standards of purification should have regard mainly to the value of | 
watercourse as a source of public water supply, and to a less degree to} 
fishing and general amenity. : 
Lack of hydrological data of our hard-worked, small, but all the mo 
precious rivers, is a reproach to us, and the public health engineer is n ti 
alone in his constant need of information which does not exist. Unless | 
new standards of purification are to be postponed indefinitely they will 
have to be set up and applied without knowledge of one of the most | 
fundamental factors affecting them. - 
Now I have finished. My endeavour this evening has been to focus | 
attention on some of the problems which confront us as civil engineers. 
Some concern us all, some concern only the few, but all are matters whi 
merit thought and perhaps change, if we are to use our association together 
to the best advantage of our own future and the future of the world we 
serve. Many new problems will present themselves for solution, and it 
may even be that the nuclear age, in the dawn of which we seem to stand, 
will multiply them. Accumulated learning and experience aid us indi- 
vidually to meet and surmount our difficulties, but collectively we must 
look to professional fraternity to unite us in better service. 
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of Bristol.” Min, Proc. Instn Civ. Engrs, vol. 7 (1848), p. 76. 
9. Ibid., p. 86. 
- 10. See reference 5, p. 89. 


11. J. W. Bazalgette, ‘On the Main Drainage of London, and the Interception of 


the Sewage from the River Thames.” Min. Proc. Instn Civ. Engrs, vol. 24 
(1864-65), p. 280, Discussion by E. Chadwick, p. 331. 
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Mr H. F. Cronin, Past-President, moved 


“ That the best thanks of the Institution be accorded to the 
President for his Address and that he be asked to permit it to be 
printed in the Proceedings of the Institution.” aa 
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' __ Beginning his remarks by the words “ Mr President,’”’ he said that it 
‘was a very great pleasure to address Mr Watson by that title and to propose 
what was the first of many votes of thanks which the President would 
_Teceive during his year of office, a year which they hoped and knew would 
be a happy one for him and a successful year for the Institution. No 
doubt the President would accept the first part of the motion, but he might 
“say that in no circumstances would he allow his Address to be printed. 
Happily that was unthinkable. It would be a great misfortune for the 
~ Institution, for seldom if ever had the members listened to such an in- 
He teresting and informative Address. The President, with his lucid style, 
had covered many subjects—the Institution, its foundation, its aims 
and objects, the obligations of the members to it, the reticence of engi- 
_ neers, that much-abused word “ administration,” contracts and contrac- 
tors, and then Mr Watson’s own realm, the realm of public health. 
_ Interspersed among these many subjects were a number of queries, which 
would give members furiously to think when they read the Address. 

_ The President had dealt with the disposal of trade wastes, the pollution 
_ of rivers, sewage purification, and the application of sewage as a fertilizer 
to the land. We in this country knew very well that we were living in an 
_ over-populated island, and the problem of the use of sewage as a fertilizer 
"was a very real one and one which, Mr Cronin felt sure, would engage the 
best brains of the Institution in the near future. According to the Board 
of Trade returns, this country used about 2,800,000 tons of artificial 
fertilizers each year, of which 700,000 tons had to be imported, at a cost 
- of about £9,000,000. 

The President had referred very modestly in his Address to the pride 
which he felt in following in the footsteps of his distinguished father, whose 
portrait looked down on the meeting from a wall of the lecture theatre. 
There had in the annals of the Institution been three other instances where 
-son had followed father. There had been the two Hawksleys and the two 
Binnies, and it was interesting to record that those four gentlemen had 
all been concerned with public health. There had also been the two 
_Hawkshaws, who had been railway and dock engineers respectively. On 
‘the marble slab on which Mr Watson’s name would be recorded on the 
following morning, the name of Stephenson appeared twice, but they were 
not father and son but uncle and nephew. 

- Mr Cronin said in conclusion that the President had given a bonny 
Address, and that they were all very pleased to see Mrs Watson present 
‘that evening. Some of them knew that her health was not all that they 
would like it to be. They would all wish her a very happy year of office as 
“Mrs President ” and hoped that she would grace their functions at the 
Institution and elsewhere with the President on many occasions. 

Mr Ralph Freeman said that it was an honourable duty as well as his 
pleasure to second the motion which Mr Cronin had so ably proposed. No 
one who had listened to the Address, or who would read it later, could fail 
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to recognize it as a most notable contribution to the annals of the Institution, 
a contribution of no less merit than was to be expected from so distinguished 
an Engineer as Mr Watson, and one which upheld the high standard which 
Members had come to expect of the Presidential Addresses. 

For the benefit of those who did not know all about the new President 
already, Mr Freeman had done a little research and had collected some 
facts about Mr Watson’s career which might be of interest. He first saw 
the light of day in Aberdeen, but descended (in a geographical sense) 0 
Birmingham to be educated and take his degree. His practical training 
found him first in Leeds and later, by way of a change, in New York. He 
had practised as a Consulting Engineer in Public Health since 1919. He 
was an acknowledged expert on sewerage and sewage disposal, as those 
who had heard his Address would realize, and had engineered schemes of ’ 


this country but far and wide in the Commonwealth and elsewhere abroa de 
The preparation of the Inaugural Address was but a forerunner of | 


at the outset of the term of office in the service of the Institution. On 
behalf of all present, Mr Freeman congratulated Mr Watson most heartily 
on his Address, and wished him all success and good fortune in the directio 7 
of the Institution’s affairs. 


The motion was carried with acclamation. 


The President acknowledged the motion and gave permission for his | 
Address to be printed in the Proceedings. 
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MEDALS AND PREMIUMS, SESSION 1953-54 


For Papers presented for discussion at Ordinary Meetings :— 
(1) A Telford Premium to Major-General G. N. Tuck, C.B., O.B.E., for his Paper on 
__ “The Engineer‘Task in Future Wars.” 
(2) A Telford Premium to Bryan Donkin, B.A., M.LE.E., A. E. Margolis, Dipl.Ing., 
and C. G. Carrothers, B.Eng., M.I.Mech.E., M.I.E.E., jointly, for their Paper on 
_ “The Pimlico District Heating Undertaking.”’ 
(8) A Telford Premium to D. P. Bertlin, M.Eng., M.I.C.E., and Henry Olivier, C.M.G., 
_ M.Sc.(Eng.), Ph.D., M.I.C.E., jointly, for their Paper on “‘ Owens Falls: Con- 
structional Problems.”’ 
(4) A Crampton Prize to P. A. Scott, B.Sc., M.I.C.E., and J. I. Campbell, M.I.C.E., 
___ jointly, for their Paper on “‘ Woodhead New Tunnel: Construction of a Three- 
- Mile Main Double-Line Railway Tunnel.’’ 
(5) A Telford Premium to Sir Charles Westlake, M.I.E.E., and T. A. L. Paton, 
_ B.Sc.(Eng.), M.I.C.E., for the joint Paper by Mr R. W. Mountain and themselves 


a 


on *‘ Owen Falls, Uganda, Hydro-Electric Development ’’ (special thanks of the 
Institution being accorded to Mr Mountain, Member of Council). 


For Papers presented at Meetings of the Engineering Divisions :— 


HYDRAULICS ENGINEERING DIVISION 


(1), A Telford Premium to H. E. Hurst, C.M.G., M.A., D.Sce., for his Paper on “‘ Measure- 
: ment and Utilization of the Water Resources of the Nile Basin.” 

2) A Trevithick Premium to E. A. G. Johnson, C.B.E., B.Sc.(Eng.), M.I.C.E., for 
_ his Paper on “ Land Drainage in England and Wales.” 

(3) A Telford Medal posthumously to W. H. Godrey for the joint Paper by Mr C. A. 
Risbridger and himself on ‘‘ Rainfall, Run-off, and Storage: Elan and Claerwen 
Gathering Grounds ’”’ (special thanks of the Institution being accorded to Mr 
Risbridger, Member of Council). 


UAE ONY 


y MARITIME AND WATERWAYS ENGINEERING DIVISION 


(4) A Telford Premium to J. T. Williams, B.Sc.(Eng.), A.M.I.C.E., for his Paper on 
- ‘Overhaul and Repair of Lock Gates in the Port of London.” 


a 


RAILWAY ENGINEERING DIVISION 


, 6) A Webb Prize to I. M. Campbell, B.Sc.(Eng.), A.M.I.C.E., and N. J. Nicholls, 
B.Sc.(Eng.), A.M.I.C.E., jointly, for their Paper on ‘“‘ Railway Civil Engineering 
in the United States of America.” 


ROAD ENGINEERING DIVISION 


ie 
(7) The Coopers Hill War Memorial Prize to J. A. Neill, B.Sc.(Eng.), A.M.LC.E., for 
3 the joint Paper by Mr Ralph Freeman and himself on “‘ The Design and Con- 
struction of a High-Speed Test Track for Motor Vehicles.’’ (Special thanks of 
the Institution being accorded to Mr Freeman, Member of Council.) 
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STRUCTURAL AND BUILDING ENGINEERING DIVISION 


(8) A Telford Premium to T. J. Upstone, M.Sc., A.M.L.C.E., and W. N. Cardno. 
jointly, for their Paper on “‘ The Design and Construction of the Superstructure 
of the Marshal Carmona Bridge at Vila Franca de Xira, Portugal.” 


WORKS CONSTRUCTION DIVISION 


(9) A Manby Premium to O. A. Kerensky, B.Se.(Eng.), M.I.C.E., and K. E. Hyatt 
B.Sc.(Eng.), M.I.C.E., jointly for their Paper on ‘‘ Design and Construction of 
Rama VI, Surat, and Bandara Bridges in Thailand.”’ 


For Papers published with and without written discussion in the 
Proceedings for 1953 :— 


(1) A Telford Premium to R, E. Gibson, B.Se.(Eng.), A.M.LC.E., and Peter Lumb 
M.Se.(Eng.), Grad.I.C.E., jointly, for their Paper on ‘‘ Numerical Solution 
Some Problems in the Consolidation of Clay.’ 

(2) A Telford Premium to H. D. Morgan, M.Sc.(Eng.), M.LC.E., and C. K. Haswe 
B.Sc.(Eng.), M.I.C.E., jointly, for their Paper on ‘“‘ The Driving and Testing of ! 
Pil ” 


es. 

(3) A Telford Premium to D. B. Waters B.Sc., A.M.I.C.E., for his Paper on “ The 
Performance of Some Asphalt and Coated-Macadam Mixing Plant.”’ 

(4) A Telford Premium to T. P. O’Sullivan, Ph.D., B.Se.(Eng.), M.I.C.E., for h 
Paper on “‘ Strengthening of Steel Structures under Load.” 

(5) A Trevithick Premium to Professor A. L. L. Baker, B.Sc.Tech., M.I.C.E., for his 
Paper on “ Further Research in Reinforced Concrete, and its Application t 
Ultimate Load Design.” t 

(6) A Trevithick Premium to Jack Duvivier, B.Sc.(Eng.), M.I.C.E., for his Paper 
on ‘‘ Coast Protection : Some Recent Works on the East Coast, 1942-52.”’ 


GRADUATES’ AND STUDENTS’ PAPERS 


For Papers read before Local Associations and the Association of 
London Graduates and Students :— 


(1) The James Forrest Medal, the James Prescott Joule Medal, and a Miller Prize to’ 
D. H. Kent, Stud.I.C.E., for his Paper on “‘ Models of Hydraulic Structures ” 
(Association of London Graduates and Students). ; 

(2) A Miller Prize to B. N, Harvey, Grad.I.C.E., for his Paper on “ Concrete Work ¢ 
Upper Glendevon Reservoir ’’ (Edinburgh and East of Scotland Association), 

(3) A Miller Prize to R. W. Rennison, B.Se., Grad.I.C.E., for his Paper on “ The 
Design and Construction of Rapid Gravity Filters’? (Northern Countie 
Association). 

(4) A Miller Prize to R. W. Drummond, B.Sc., Stud.I.C.E., for his Paper on ‘‘ The 
Use of a Climbing Shutter on Luichart Surge Shaft”? (Edinburgh and East o} 
A'Miller Prizo to B.A. M. Watt, Stud 

(5) iller Prize to B. A. M. Watt, Stud.1.C.E., for his Paper on “ Construction of 
Retaining Wall” (Glasgow and West of Scotland Anacistion’ 4 

(6) A Miller Prize to N. 8. Lindsay, Grad.I.C.E., for his Paper on “ A Report on @ 
Levelling Operation *’ (Glasgow and West of Scotland Association). } 

(7) rely cede be J ch sig ae Petopag wd his Paper on “ Construction 
of Wa u orks irect our in Dumfriesshire’? (Edi th and 

tae of Scotland 1 ieaainidired, Se 

(8) iller Prize to G. E. Peart, B.Sc.(Eng.), Grad.I.C.E., for his Paper on “ err 
> psa of Permanent Way Melrfieewanten and Renewal ”’ (Roath, Westati pe ia 

on). 

(9) A Miller Prize to William Sommerville, Stud.I.C.E., for his Pa: “ Stre 
Intakes ’’ (Glasgow and West of Scotland Association). aedbeens 7 
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a THE InsTITUTION MEDAL AND PrREemIum (LONDON UNIVERSITY) 


Awarded on the result of an annual competition between under- 
graduates of the University of London. 
To Jeremy Christopher Joel, Stud.I.C.E., of King’s College, who read a Paper 


entitled “‘ Tunnelling under Compressed Air in Non-Cohesive Soils applied to a 
Large-Diameter Sewer.”’ 


Tue InstiruTion Mepat anp Premium (Locat AssocraTions) 


_ Awarded on the result of an annual competition between Graduates 
ind Students of the Local Associations. 
To Brian Norman Harvey, Grad.I.C.E., of the Edinburgh and East of Scotland 


Association, who read a Paper entitled ‘‘ Concrete Work at Upper Glendevon 
Reservoir.”’ 
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Paper No. 5989 


‘* A Theoretical and Experimental Analysis of Sheet-Pile 
Walls ”’ | 


by 
*Peter Walter Rowe, Ph.D., A.M.I.C.E. 


(Ordered by the Council to be published with written discussion) 


SYNOPSIS 


The variation of the maximum bending moment on sheet-pile walls with pil 
flexibility and soil stiffness is calculated for the cases of cantilevered piling ant 
anchored piling, assuming a modulus of subgrade reaction which increases linearl} 
with depth. The mathematics is too involved for direct design office use, but a fina 
‘“* master ’? moment/flexibility curve is calculated which is of universal application. — 

The value of the modulus of the soil is estimated from theory and simple stiff-ws 
tests, and results in good agreement between the theory and observations on mod 
sheet-pile walls. The influence of seepage forces and more compressible subsoils th 
loose sand on the stability of sheet-piling is then readily estimated from observation 
of their influence on the soil modulus. 


INTRODUCTION 


Arrempts to apply rigorous mathematical treatment to the problems of 
the deflexion of a flexible retaining wall freely embedded in a uniform 
bed of clean cohesionless material generally lead to equations so involved 
as to be unsuitable for direct practical application. In addition, soil in 
nature is usually far from being in a uniform, clean, or completely cohesion 
less state, so that very approximate methods of analysis have 
considered to be of equal value. . 

It has been shown recently 1 that the bending moments, and anchor 
loads acting on an anchored sheet-pile wall are governed principally by 
the flexibility of the sheeting and the density of the subsoil for a given 
depth of penetration and soil to be retained. These factors may be taker 
into account in the design by the use of empirical reduction curves. 

Whilst this method of design is an improvement for the particular case 
of anchored walls driven in sands and gravels, there is need for a theoretical 
treatment of flexible wall structures which can be applied to both anchorer 
and cantilevered walls, extended to braced and filled cofferdams, an¢ 
used to predict the influence of seepage forces and of silt in the subsoil, 


* The Author is Senior Lecturer in Engineering at the University of Manchester. 
1 The references are given on p, 67. 
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iE “Such a theory must take pile flexibility and soil stiffness into account, 
_ but should not lead to a final form so involved as to be unusable. 
The fundamental equation governing the flexure of a beam supported 
_by soil is : 


Sy 


dty 
EI 7 = Pa — Po =f (zy) a aa letig ape See (1) 


To solve the equation, it is necessary first to determine the nature of 

_ the passive pressure distribution Pp» in terms of x and y. Experimental 

‘i “and theoretical investigations 2 have shown that pp» varies non-linearly 

_ with both x and y and substitution of the calculated function in x and Yy, OF 

_ of many proposed equivalent empirical formulae into equation (1) leads to 

either a solution of outstanding complexity, or no solution at all. The 
Seimple empirical formula : 


REO DY 


a eiard Te were ise. «px a DE) 

_ where K and n are constants, does, however, form a fairly accurate sub- 
stitute for the observed and theoretical variation in pressure with x and y 
z. for cohesionless soil. Rifaat% solves equation (1) using equation (2a) 

- for the case of the cantilever pile and Blum* solves the case of the 
ie anchored pile taking »=1. Both solutions are too complicated for 
“4 _ general use and the values of the soil constant are unknown. 

The quantity K in equation (2a) cannot be constant at all model 
_ scales, since the pressure p, is known to vary approximately linearly with 
_ scale (or even to a lower power than unity with scale) and not with the 
square of the scale as the equation implies (n = 1). The increase in pp 
with depth z reflects the increase of shear strength with confining pressure, 
an increase which is not quite linear.2 The increase with deflexion y 
_ reflects the increase in mobilization of ¢ with shear slip strain which is a 
_ function of the ratio of the movement y to the length of the slip path.2 
- Thus if one wall is identical with another but twice the size, then the 
ey deflexions y at corresponding depths below the dredge level are in the 
ratio 2 to 1, but so are the lengths of the slip paths, so that the pressure 
ratio is uninfluenced by the deflexions. Since the slip path length for a 
given point (z, y) is related linearly to the scale or depth of penetration 
_D, equation (2a) may be rewritten : 


“4 
4 pase bs Sea APRN NO TEE 


The value of 7 is less than unity, but quite good agreement is obtained 
with observations on models 2 3 and with theoretical pressure distribu- 
tions based on shear-box and triaxial compression tests, taking n = 1. 

- This is due to the fact that the difference between the equivalent straight 
Sine relation, taking n = 1 and the observed curve, for the range of move- 
q ‘ments likely in practice, is very small compared with the large variations 
in ks value of the coefficient m with soil state. Since pp does not vary 
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strictly linearly with x either, the use of equation (2b) is at best an 
approximation which is dictated by the necessity to solve equation (1). 
It is proposed to use » =1 on the understanding that the value of m 
will decrease with large increases in z and y. The exact values and — 
variations in the value of m are discussed after the calculations are 
completed. 


Notation 
4o31,2-+-+n denote arbitrary coefficients. 
denotes penetration depth. 
10% » relative soil density. 
E »  Young’s modulus. 
fi—fs denote functions of x. 
denotes height of pile. 
iL, » section moment of area. 
Kg » active earth-pressure coefficient. 
Ky »» passive earth-pressure coefficient. 
Ky, Kp2 denote functions of x and « due to point load. 
Kp, Kpe » functions of y and « due to active earth pressure. 
Kg, Kge », functions of y and « due to surcharge pressure. 
denotes bending moment. ; 
m » soil stiffmess modulus. 
Pa », resultant active pressure below the dredge level. 
Pp » resultant passive pressure below the dredge level. 
Is », Surcharge pressure. 
3 euags 
q » surcharge coefficient : yi 
fy ,,  tie-rod or point load. 
x » depth below dredge level. 
y » horizontal deflexion at point 2. 
YA »,  deflexion at anchor level. 
Ya »» total deflexion at top of cantilever pile. 
Yo »» component of yg due to bending above the dredge 
level. 
Ya »,  deflexion at the dredge level. 
Ys », component of yg due to slope at the dredge level. 
Z »» depth below top of pile. 
a4 i} D 
» = a xX 
8 o! ahrraise depth to anchor-level_ 
pile height 
Y » earth density. 
x 
€ » 7 


By: 


| Pp In an infinite series. 


Equation (1) may be solved by relaxation, or by expanding the pressure 
By either of these methods the solution is simple 
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a” 
” Hz 
se 
tbe EL. 
»,  Poisson’s ratio. 
Z 
> H 
H4 
»,  flexibilit ber: —. 
exibility number A 
M 
” Hs 
M 
3° Kay? 


denote maximum values of 7, 7’ 


denotes — (1 — «)4mpe?. 


io! 
i! i ‘ 
Bs io! — a)*mp. 


coefficient of friction. 
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and rapid for stiff piling, but increasing degrees of accuracy are required 


_with increase in pile flexibility and soil stiffness. 


For flexible piling the 


Be tecation method leads to the use of large operating numbers required 
to cancel very small residuals, and the arithmetical accuracy required is 


“unsuitable for the trial and error process of relaxation. In addition, it is 
necessary to repeat the full analysis for each individual problem. 


“purposes by writing: py = Az? + Ba? + Cz. 
writing: y = A’z? + Be +C’. 


Blum 4 attempted to produce a solution simple enough for design 


This is equivalent to 
He demonstrated that, for a cantilevered 


pile of medium flexibility, no great difference occurred if the calculation 
were repeated taking an expansion one order higher, that is to say, 
y= A’x3 + etc., and concluded that for simplicity the second order 
expansion was sufficient. 
However, comparison of the results of the second order expansion and 
a thirty-order expansion show larger differences at medium flexibilities, 
and the low order expansion leads to large errors with higher flexibilities 


if 
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in the practical range. In addition, even the use of a second order expan- 
sion leads to calculations unsuitable for repetition in a design office.5 For | 
these reasons a thirty-order expansion has been used, and in order to main 
tain the calculations within satisfactory limits of arithmetical accuracy 
over the practical limits of flexibility and soil stiffness, the calculations 
were carried through to ten consecutive figures on a machine. The inter- 
mediate equations are generally in a form unsuitable for general use, but _ 
lead to the establishment of a few final graphs which are of universal — 
application and simple to use. Thus, the calculation need never be 
repeated. 
In view of the lengthy nature of the thirty-order expansion, only the 
first few terms of each series are reproduced once the form of the expansion _ 
is established. 
Substituting py, equation (26), in equation (1), taking n = 1, it is 
found that : 


4 
Rn? ee 3) 
Fo. Pa ae re 
Let Y = dy + aya + agx? + age3... + aga” . . . (a) 


d 
Then Fa = a; + 2dgu + Sagr® + 4agr8 ... + (m + 1)dyy 412" 


(0) 
= 2ag +3laga + Saye? os 3 agz8 vain 
2 
+- Se x laa 92” 2 ea te (c) 
ay (4) 
is = Blas + 4laga + = ga? 4. Baga? : 
n + 8)! 
pe * pe ya. a ed (d) 
d4 
ate 4a, + Slagx ee scat? + aa 
n + 4)! 
eo. ey 


Substituting equation (4e) for oy i in the left-hand side of equation (3) | 
and equation (4a) for y in the right-hand side, gives : 
6! ; 
Alag + Blagx + —age?...| = Pa — 
a+ ast + > aor i bps 0 + 4% + aga? .. J] 
Og 
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' By equating coefficients in x, x2... 2”, the values of all the coefficients 
G5, Ag... Gy are obtained in ices of the five coefficients aj) — a4, and 
: equations (4) may be rewritten as a series in terms of these five coefficients. 
For example, writing: A = ad (cal 
(1 —a)HEI 
6! 
ms Sate 24710 
y a1 Re, OB Lie anf 
2 7!2! 
a4xz}1 — — Ag5 + —— A2z10_,, 
tt Bhar cs Lute | 
3! 8!3! 
a i aA ote AD 10) 
oe i om o 
9!4! 
agz3|1 — — Agd + —_ A2z10,,, 
a si” * Taig 4 
+ ayet| 1 — G8 + ra ee | 
(6) 
‘ Ax 
_ Since the term (3) occurs throughout this substitute may be used : 
Awd m 1-4 
ee ra eS Deeejece: 
Seg ile nahi. 1oikT 


_ The coefficietss y, «, and ¢ are dimensionless and the dimensions of m and 


(5 are a It is of practical convenience, however, to express EJ in 
_ the units Ib. inch?/ft and the height H in feet, and write : 
. H* ft® 
PET ib. inch? 
: Ae 
Hi = — Taye er I (T 


; Equations (4) are solved therefore in terms of coefficients a) — a4 and x, 
_which in turn are a function of the relative stiffness of the pile and the 


soil. 


The coefficients az, a3, and a4 are obtained directly by inspection of 
the boundary conditions of the particular problem. In addition, for every 
problem considered, the bending moment and shear force on the pile at 
the toe are zero. Hence the remaining coefficients Go and a, are obtained 
in each case by writing : 


Be — = Ww =(l—o)H ~ 
- 0 and A 0, when z = ( a) 


dx? 
From equation (4) : ss sla oe Ss Oe ee SP 
3 
Shear force = 7 = Bite. | 
From equation (4d) : = a VS SH) eR OES 
: es es pressure at rest on either side of the piling is equal, so that, — 
: From equation (4e) ; 4 = 0. Pe. 2 CSS (10) } | 
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for equations (4c) and (4d). It is only necessary, therefore, to state 
the values of the coefficients a2 — a4 for each case and to give the final 
solutions. 
Suitable combinations of the solutions to the following three main 
cases may be used to solve the cantilever pile, the anchored pile with any — 
tie-rod level, surcharge, and anchor yield, and lead to a solution of the 
double-walled cofferdam. 
Case 1.—A cantilever pile subject to a line load at the top. 7 
Case 2.—A cantilever pile subject to triangular loading above the 
dredge level. 
Case 3.—A cantilever pile subject to rectangular loading above the 
dredge level. 


Case 1.—A cantilever pile subject to a line load at the top (Fig. 1) 


Fig. 1 


Boundary conditions at x = 0. 


Bending moment = TaH = EI dy 


Wig. 2 
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The two solutions of interest are the distribution of bending moment 
below the dredge level and the outward deflexion of the top of the wall. 


M 
Writing tr = ay where the units are M Ib. feet/foot and H feet, 


vi 
and A= 7D Ib. per foot’, 


(b) 


CANTILEVER WITH POINT LOAD AT TOP 


(2) 
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the solution of equation (4c) gives the following bending-moment dis 
tribution beneath the dredge level : 


+ ae of; en (1 ee a)efo Se Oe?fs ar Kr,<f4 a} K7,¢*fs res (11) 


R WITH TRIANGULAR ACTIVE PRESSURE 
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C The values of f; —f; and Kr, and Kp, are given in the Appendix and 
in Figs 24-27. The bending-moment distributions are plotted in Fig. 2 
_ for the cases « = 0:5 and a = 0-7 for a wide range of values of mp. 


! The deflexion at the point of action of the load at the top of the pile 
- (Fig. 4) is given by: 


y DOSER To Al Ag a) alla eae Sa ema 9) 
‘ The deflexion at the dredge level Ya is given by equation (4a) : 

; 6H 

E Ya = a =~ Fp ml — a)? Kp, < . . = (13) 
if Fig. 4 

; Yo 

Yo} Ys \¥a 

: Cees 


The slope at the dredge level is given by equation (48) : 
dy Tr 12 
=) =a=—— ——— fh fn ( ld 
cime 1 = — Fe ml — aye 7 m) 


The deflexion at the top due to slope at the dredge level is therefore : 


dy LT 12a0H 
Ys — a(t) = oe H2 m(1 — a)3 Kr, . (15) 


The bending deflexion between the dredge level and the top of the wall 
is obtained from simple bending theory : 


T(«H)8 Lr: 
Yo = “3 => 48a°p H2 Hf pe Oat Fe (16) 


Substituting equations (13), (15), and (16) in equation (12) gives : 


ae coe it Wee En ; 
()= in| 80% oe eae te fia iiim, be (17).. 
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~ Values of (yq/H)p divided by A are plotted in Fig. 5 for various values of 
_ log p and m. 


It is important to consider the degree of arithmetical accuracy 
_ required to use equations (11) and (17). For very stiff piles, that is to 
say, low values of X1, or mp, the second, third and fourth terms in 
equation (11) are small compared to the first, and slide-rule accuracy 
is sufficient. With higher values of X1 the succeeding terms increase in 
size and become large towards the toe of the pile. In this region the 
bending moment is obtained from the difference of large numbers, so 
_ that much higher accuracy is required. Fortunately it will rarely be 
found that the exact moment distribution near the toe is required. 
The maximum moment near the dredge level may be calculated as a 
_ ratio of the maximum value for a stiff pile and plotted as a theoretical 
reduction curve (see Fig. 3(a)). The solution of equation (17) may be 
obtained satisfactorily by slide-rule accuracy using values of Ky, and 
_ Kp, interpolated from the graphs in the Appendix. It is necessary to 
use values of Kr, and K7, to ten consecutive figures when equation (11) 
_ is being solved to the pile toe for flexible piling. 


4 


Jase 2.—A cantilever pile subject to a triangular pressure distribution (Fig. 6) 
Proceeding as for Case 1: 


Fig. 6 Fig.7 


Bs Pa= 


KoyaH | 


Boundary conditionsat wxv=0. 


Kay(aH)8 d 
Bending moment = A == EE Tae 
1 Kay 3 
=ip ET (aH), 
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Kay(aH)? ds 
Shear force = _ = KEI il 


dx 
1 Key 4 
43 =75 py (XH. 
Resultant active earth pressure below the dredge level (Fig. 6) is co: 
and given by : 
dty 
Pa =KayoH = EI Tat? 
_1 KayoH 
He ah Rae 


Substituting these values in equations (6) and solving for ap and a; 
the distribution of bending moment beneath the dredge level is given by - 


7’ (-) => af, a. 3a(1 —a)efe + 3(1 = %)%e2fg an Kp, “fs 4 Kp,<*fs 
~ (18) 


The values of the coefficients K p, and Kp, are given in the Append: 
and in Figs 24-27. The distributions are plotted in Fig. 3. In‘order 
that the results may be subsequently extended to the anchored pile, 
is necessary to determine the outward deflexion of the cantilever, yg 
at a point distant BH below the top of the pile (see Fig. 7). 

The component of yg due to deflexion at the dredge level is : 


Kg : 
= = oon of 4 ee 
The component due to slope at the dredge level is : 
2a(a — B)K, 
e= — (0 — Pla, = “PS, . (20 


The component due to bending between points BH and «H from simple 
bending under the trapezoidal pressure distribution is : 


ye = 1-2Kayp[P> — 548 + 4a8] . . (21) 
Substituting equations (19) to (21) in equation (12) gives : 


y 
lel fe Kal pt — Sat + da] + aye Bi 


m(l — SE, ol 


Values of ee divided by Kay are plotted in Fig. 5 for values of log 
and m. 
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Case 3.—A cantilever pile subject to rectangular loading above the dredge level 
Boundary conditions at « = 0. 


EI = = qKayH esis 
qKayHB «2 
= EI 4 
d3 
EI ae qKayH*a 
Koy Ha 
Se YT 


__ Considering the active pressure below the dredge level, no deduction 
_ should be made for the initial “ at rest ” pressure on the outside of the 
pile. The pressure diagram Fig. 8 represents active pressure due to 


Fig. 8 Fig. 9 


Ip 


surcharge of superimposed loads, or differential water pressure, and is 
additional to either Case 1 or Case 2. In both these first two cases the 
triangular type, “at rest” pressure diagrams, balance out below the 
dredge level. The additional active pressure pg is therefore constant, 
as dty qKayH 

and EI oh qKoyH ; a4 = HET * 

The increment of bending-moment distribution is given by : 


fi + a(1 — ajefg + #(1 — x)?e2 fg — Kg, <8 f4 + Kg, ea fg (28) 


7’ a2 
. 


q | 
The values of the coefficients Ks, and Kg, are given in the Appendix 


and in Figs 24-27. 7 
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The components of deflexion at point BH below the top of the wal 
are: 


6qgKayHK sg, 
“= % =a ae 
12gKayKg. 
Yo = —(4 — B)Hay = + Tae (ae — BH 


Yo = 67KayHp(Bt — 4038 + 3a). 
The total outward deflexion at depth 8H is given by : 


6K, 12% — 8) _ ) 
YB) __ oe Raia 2 aon SS 
B s Ke 6p rer rede eine 5 m(1 — a)? + m(1 —a)8 K,} 
; eres! | 
Direct combinations of the solutions to Cases 1 to 3 are sufficient te 
determine the stresses and deflexions of cantilever piling. 


Case 4.—The anchored sheet-pile wall » | 
The solution is obtained by resolving the forces on the wall into the 
three cases solved for cantilever piling and by equating the resultant 
deflexions at the anchor level. : 
Let Y, = natural outward deflexion of the anchorage. 


Y4_ [yp yp] _ [yp | 
Then 7 [7]. + [¥ 5) olde Leeann (25) } 
The values of the components | and 7 are given by equatior : 
H\p H}\¢g ) 
(22) and (24) respectively. The value of ‘| given by equation (17). 


however, gives the value of the deflexion at the top of a pile where ‘he 
point load is acting. The height of this pile is equivalent to AB (Fig. § 

so that the length (1 — 8)H must be substituted for H in equation (17). 
Similarly the dredge-level coefficient is given by : 


—_ SS ————__. = 


and this value must be substituted for «. 


Equation (18) becomes : 


eed 6(1 — B)H aS 1 Re on 
0 =ppe "la m0 = on ~ HF ml —oy (1 ees 
(1 — 8) : 

en) 
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_ Equation (15) becomes : 
gut « Z 12(«¢—f8) (1—B,)H : 
“(= BPH (1 —8) E __ (a sap 
(1 —B) 
_ f 1 (1—£)(a—B) 
: — H2 mn Peqpenge= eT . H . . . . . . (27) 
_ Equation (16) becomes : 
T [(«—B) igo ae 
= .(1 — = — B)3 
| = sal OPH] = 2 sepa — Bye. (28) 
_ The deflexion at the point of action of the load T at depth BH is given by . 


YB) — Yotys+ Ya 
H|» H 


(1 — «)2 m(1 — «)3 


_ Substituting equations (22), (24), and (29) in equation (25), gives 
_ the final expression for the tie-rod load for any condition of anchor 
- yield, anchor depth, surcharge, dredge level, pile flexibility, subsoil 
_ stiffness, and active earth pressure : 


“os pi nl: = | mot-2eea + 5g) — 6a8B(x + 49) + 4-8at(x + 3-75q)} 
KoyH2 


ST bets jt Sh 
: 2 aaa — B)3 = ——! Kr, + eee (29) 


1 
+ — J [«Kp, + 69K 5,] 


(1 — a)? 
2(a — B) Y, ™ 
+ =F loK, + 69g] — 2. ml 
6(1 — B) 12(a — B)(1 — B) 
i ee Ge ieee 
(30) 


The maximum positive bending moment will always occur above 
the dredge level. Taking moments between the anchorage and the 
dredge level due to the active pressures and the tie-rod load, the 
“maximum unit bending moment is given by: 


eee M naz wae pV EAB, pets Te 
“ae an 1 eee aie LN 
where Ty Pg Ne areal by 


‘Equations (32) and (31) are readily solved once the value of )’ has been 
obtained from equation (30). The latter equation may be solved to. 
three-figure accuracy using interpolated values of the coefficients K 7, 
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Kp, and Kg from Figs 24-27 (see Appendix). The solution depen 


upon the anchor yield a4, which may vary in practice between val 


of 0 and 0-004, depending on the anchorage conditions. It is oon aa 
to calculate the influence of the soil stiffness and pile flexibility on the 
bending moments and tie-rod loads for the case of no anchor yield 1 
then to study the influence of yield on these results. 

Equations (30), (31), and (32) have been solved for the conditi ns 
q = 0, B =0, 0-1, and 0-2; and g = 0-2, 8 = 0-1, 0-2; for values of 
x1 equal to 0, 0-02, 0-05, 0-10, 0-20, 0-50, 1-00, 3-00, and 10-00 fon 


f = 0, 0-003, and 0-008. All these cases have been repeated fo: 
a = 0-6, 0-7, and 0-8. The case of x; = 0 represents an infinitely stiff 
pile. For ZA = 0, this gives bending-moment and tie-rod load values 


about 2 per cent greater than those calculated assuming free eart 

support. This is because, with no anchor yield, the stiff wall rotates 
about the anchor with maximum deflexion at the toe. The passi 
pressure distribution then has a resultant slightly lower than the tw 


thirds point. Yields of the order of = for « = 0-7 give maximums 


bending moments exactly equal to the free earth support value fo 
loose sand, from the theory. Quite apart from this, the free ea th 
support calculation provides a simple practical basis on which to cor 
mence the design of anchored sheet-piling. The value of 2’ by free 
earth support has been shown ! to be given by: - 


r__ 3/% + Q(1 + 2c) 
" =| eo | 


and the corresponding maximum bending moment is obtained using 
equations (31) and (32). The values obtained of the actual )’ and ¢' 
values on the structure have been divided by the corresponding fr 
earth support values and the tie-rod loads and bending moments 
expressed as a percentage reduction on the free-earth-support valu 
in Figs 10 and 11. 
The theoretical bending-moment reduction values for the practical 
range of 8 and q values calculated, do not vary by more than + 3 per 
cent on a mean reduction curve for a given value of x. In addition the 
general range of necessary penetration depths leads to values of 
between 0-65 and 0:75, and in this range the theoretical reduction values 
are within + 10 per cent of the mean reduction curve for = 0-7. 
This theoretical result, which agrees with experimental observations, 
means that one master reduction curve used in conjunction with the 
free earth support analysis may replace the full mathematical analysis 


(33) 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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_ for design office use. Furthermore, since the percentage reduction curve 
ee is independent of the value of the active pressure coefficient Kuy, the 
_ curve may be applied to the practical cases of variable soil strata and 
_ tidal conditions which are at present beyond exact individual mathe- 
_ matical analysis. 
| The final mean tie-rod load and bending-moment reduction curves 
_ are given in Fig. 12, and these curves summarize the results of the 


‘ 


_ theoretical structures analysed. A final useful rule is that the reduction 
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in tie-rod load is approximately 60 per cent of the reduction in bending 


_ moment for any given subsoil and pile flexibility. 


Sree ter et RY A 


Final theoretical results of value are the influence of tie-rod yield on 


_ the maximum tie-rod loads and bending moments, Figs 13 and 14, and 


typical bending moment and pressure distributions, Figs 15 and 16. 


Fig. 15 


—0:2 0 +0-2 +0-4 
|2r’ 
Ib. inch/ft per Ib./cu. ft per cu. ft. 


TYPICAL MOMENT DISTRIBUTION CURVES 


Figs 13 and 14 show that the small anchor yields anticipated on actual 


_ structures for the practical flexibility range will only affect the tie loads 


and bending moments by a few per cent, so that the results for = =0 


may be used for design. 
_ The theoretical curves, Figs 10 and 11, are of considerable valu 


| because they are not confined merely to the cases of loose and dense 


os 
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i bsoil or adv: 
sand or gravel, but may be extended to cases of silty su 
seepage effects by a study of the value of the soil stiffness modulus, 


EXPERIMENTAL StuDy oF THE Sort StirFNESS MopuLUs m 


The stress-strain curves for soil are not linear so that the m Fi 
decreases with increase in the pressure/depth ratio and therefore with bs 
degree of wall movement. However, the approximate value of a 


Fig. 16 


Dredge level 


ion 


I 


—-10 
VALUES OF iH 


TYPICAL PRESSURE DISTRIBUTIONS 


modulus for dense sand is about 20 times that for loose sand and about 
100 times that for loose silt. Compared with such differences the curves 
of the observed moment/angular rotation relations for stiff walls may be 
replaced by average straight lines. Since the actual load coefficient for 
soil retained by sheet-pile walls has values within a limited range, it is 
possible to specify from observations and theory that the average angular 


in Table 1. 


The rotations and deflexions of an actual flexible wall vary over th 
penetration depth so that the value of m must vary with depth. The 
degree of error resulting from the use of a constant value of m corre 
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=. TABLE 1 

; 
Soil type Average angular rotation 
=a ee 

Denssmand yn. <1 . 0-0005¢ 

7 Loosesand .... ., 0-01¢ 

| Very loose silt. . . . , 0-05¢ 


——— eee 


sponding to average angular rotations may be examined from the results 
of the following methods of estimating the modulus. 


(i) Direct measurement of the moment/ flexibility reduction curve 

__ Previous model sheet-pile tests were extended to include subsoils of : 
(a) sand, 90 per cent-mica, 10 per cent, loose density 86 lb./cubic foot ; 
(5) loose silt from the Manchester Ship Canal, density 54 Ib./cubic foot ; 
and (c) coal fire ashes passing sieve No. 25, density 41 lb./cubic foot. The 
percentage reduction curves are shown in Fg. 17 and also the theoretical 
curve for « = 0-7; Fig. 11 has been fitted over each observed curve by 
means of tracing paper. 

_ It is clear that the theoretical and observed curves fit very well with 
the more compressible subsoil, but that, with denser subsoils, the observed 
surves appear to twist clockwise relative to the theoretical. This continues 
intil a wide divergence occurs for stiff walls in dense sand, whereas the 
esults for flexible walls in dense sand fit the theoretical values quite well. 
[hese matters are explained by the following subsidiary effects : 


(a) Influence of outward deflexion of the wall above the dredge level 
on the value of Ky. For stiff walls in dense sand K, is much 
larger. (See reference.) 

(6) Reduction of active pressure at the dredge level due to subsoil 
restraint. This would be negligible with compressible sub- 
soils which do not provide a rigid restraint. 

(c) Poisson’s ratio effect. A wall subject to a bending distribution 
as in Fig. 15 (curve denoted by log mp = — 3-57) suffers no 
moment at the tie and at a point just above the dredge level. 
Between these points large bending occurs, causing tension 
strains outside, and compression strains inside, the wall. 
These induce lateral compression and tension strains respec- 
tively, causing the wall to tend to curl concave outwards. At 
points of zero bending moment no curling occurs so that as 
these points become closer with increase in flexibility of the 
wall they exert a restraining influence on the curling at the 
point of maximum’moment. The models used had been cut 
in vertical strips to prevent restraint from the wall on either 
side of the section so that restraint never occurred for 

- this reason. Nevertheless, concrete walls grouted between 


#. 
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PERCENTAGE OF FREE EARTH SUPPORT VALUE 


EXPERIMENTAL AND THEORETICAL MOMENT/FLEXIBILITY CURVES 


(d) The limiting pressure gradient at the dredge level. In th 


_ sand and 6-30 for dense sand, the limiting stress is exceeded 
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sections would provide lateral restraint, and the interlocks ob 
steel piling would hardly be frictionless after driving. Ta cing 

Poisson’s ratio as 0-3, the maximum stress reduction is 9 per 
cent which would appear as a bending-moment reduction in 
Fig. 17. 


Subsoil 


Loose fine ashes 
Loose dry silt 


Loose sand/mica 
Loose sand Ref. 1, Fig. 14 
Dense sand Ref. |, Fig. 14 
Dense sand Ref. 6, Fig. 36 (b) 


theoretical calculations no limit was placed on the maxim an 
pressure gradient at the dredge level that the soil could wi h- 
stand. Fig. 16 shows that, taking log m = 4-75 for loose 


near the dredge level in the practical flexibility range 
log p = — 3-2 to — 2:5. However, a subsoil initially loose 
compacts in the highly stressed zone with shear (see Tschebo- 
tarioff”) and the limiting stress gradient will increase. 


ay ww? 
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This would not occur with dense sand so that the theo- 
retical moment reduction curve would tend to err to low 
values as flexibilities of the order log p = — 2:0 are ap- 
proached. No error occurs with compressible subsoils where 
log m = 4-0. 


Log m 


Average rotation 
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* All curves for a=0-7 
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Fig. 18 
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: Writing; Fx =M 
rotations of flexible 


Locus of average 
piling 
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Thus, since none of the influences (a) to (d) occur for highly compres- 
sible subsoil, agreement is expected with theory where moment reduction 
is entirely due to flexure. As a loose sand subsoil is approached (Fig. 17) 
the K, values increase slightly at the stiff sections and effects (6) and 
(c) operate at the flexible sections. For dense sand the influence of (d) 


~ 
an, 


58 ROWE ON A THEORETICAL AND EXPERIMENTAL 


counteracts (b) and (c) in the flexible range, and agreement in shape 
curve results. 

The fitting of the experimental and the theoretical curves in Fig. 17 
has been made with these influences in mind, but since the exact valu 
of influences (a) to (d) have not been determined at each stage, an erro 
must arise in the estimation of the value of log m. The values are showr 
in Table 2, column 1. 


(ii) Simple test on a freely embedded stiff wall 

A steel plate, preferably not less than 1 foot deep and 2 feet wide, may 
be buried in a sample of the subsoil and the graph of overturning moment 
about the toe plotted against the angular rotation of the wall, in radians 
(see Fig. 18). A rough value of m is obtained from the slope of the straight — 
line through the origin and a point on each curve representing the average © 
order of angular rotation expected in the field. The values obtained in 
this manner are shown in Table 2, column 2. 


(ili) From stress-strain theory and shear tests . 

The distribution of pressure on a stiff freely embedded wall may be — 
calculated using shear-box or triaxial compression stress-strain curves.2_ 
The calculation gives a pressure distribution close to the parabolic type 
of curve, and by fitting a parabola to the calculated distribution a value 
of m is obtained. The values are shown in Table 2, column 3. 

For subsoils more compressible than loose sand the calculation need 
not be repeated in detail. The pressure at depth «D below the soil surface 
on a freely embedded pile, subject to a parabolic type pressure distribution, 
is given by the coefficient : 


Pp mr r 

k yD Ay flee 9D 

where eD denotes depth to the point of rotation. 
It was shown 2 that, 


re —€) =, tan( 4 — ‘) fle) 
so that, writing, D=(1—a)H, 
a (1 = a)efle) «ee tan («—$) .. See 


For a given degree of ¢ mobilized at depth «D, ee is dependent on 6 
: rau id 
only and will be constant for varying values of ¢, and y. | 


me, 
Hence, od = constant. 
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‘Therefore, taking loose sand as a standard, 


™ ioose sand 


log my = lo 
™ subsoil 
< 3s. log Es subsoil x Ysand 
z €s sand Yeubsoil 
G and log m subsoit = 4°75 — log my. 


| The stress-strain curves of Fig. 19 were drawn for a confining pressure 
equivalent to the mean penetration depth of a 40-foot pile, namely 6 feet 
of immersed sand or 4 feet of dry sand. The ratios of the strains were 


Strain é,=7 


Mean of 10 ratios 
of “soil” strains to 
Soil “loose sand” strains: 


€s soil 
€s loose sand 
Dense sand 0:06 : 0:051= + 
Sand/mica 1-88 ‘ 2:10 
Silt 3-10 5:50 
Ashes 6:00 L 14:00 


VALUES OF ¢.: DEGREES 


Points plotted from mean of 4 tests 
0 0-01 0:02 
SLIP STRAIN €, 
SHEAR-BOxX STRESS-STRAIN CURVES 


calculated for ten values of ¢ from 7} degrees to 30 degrees at 24-degree 
intervals, using mean results from four repeated tests in each case. The 
mean ratio in each case is given in Fig. 19 and was used to calculate the 
log m values shown in Table 2, column 3 (a). 


(iv) Confined compression test 

The confined compression test applies partly pure compressive strain 
and partly shear strain to the soil. The stress system acting on the sub- 
soil in front of a flexible wall also results in compressive and shear strains, 
but of entirely different relative values. Nevertheless, the ratio of the 
“confined compression strain increases” for a particular pressure range 
for a compressible subsoil to that of loose sand might be expected to be 


Ce 


. ~ ie 
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independent of the stress system and depend only on the ratio of the 
stiffness properties. For example, the ratio of the deflexions of a poin 
in a steel structure and a similar aluminium structure would be the inve: 
ratio of the moduli of the two materials, a ratio which could then be : 
applied to the two frames under a completely different stress stem 
The initial average field confining pressure for a 40-foot backfilled pile is . 
indicated on the stress-strain curves in Fig. 20 and the ratios of strain 
increases above this value are reasonably constant within the expected 
field pressure range. Assuming these ratios give a measure of the inverse 


Fig. 20 
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log m are easily calculated and are shown in Table 2, column 4, This is 
an extension of previous reasoning 1 where the logarithm of the initial slope. 
of the compressibility curve was found to be proportional to the logari ai 
of the critical flexibility number. It is now seen that the critical flexibility 
number was an arbitrary measure of the soil stiffness modulus. ie 

Examination of all the values in Table 2 shows that, with the excep 
tion of dense sand, where variations in log m have little influence on 
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a TABLE 2 

SL ea aaa eee 

<. Values of log, , m 

3 Soil type 

y 1 2 3 3 (a) 4 Mean 

“Densesand . . . . | 5-75-6:00| 6-30 6-35 6-05 ie 6-10 

¥ _ Loose Band es Soe} 4:75 4-75 4-75 — — 4-75 
90% sand, 10% mica . 4-52 4-52 — 4-42 4-36 4-45 
Loose dry silt . : 4-22 4-10 — 4-01 3-98 4-08 

Loose fine ashes. . . 3:95 3°78 —_ 3:60 3°75 3°77 


bending moment, etc. (see Fig. 17), the values of log m agree to + 0-18 
on the mean values. This is equivalent to + 0-14 on an estimation of 
Erelative density. This range of error is well within the likely range of 
error in sampling and estimating the average properties of variable soil 
strata. 
The figures in columns 3 and 4 correspond to average field pressures, 
whereas those in columns 1 and 2 correspond to model pressures. It is 
to be expected that the value of log m will decrease slightly with increase 
‘in confining pressure. The reduction curves of Mig. 17 corresponding to 
‘model tests would require to be moved slightly to the right. The exact 
extent of the variation cannot at present be calculated since it is not yet 
possible to obtain accurate stress-strain curves at confining pressures 
acting on models. The work by Tschebotarioff, at three times the scale, 
showed agreement with the position of the reduction curve for loose sand, 
but since the subsoil in those tests was immersed in water, the confining 
pressures were only about double those used by the Author. Observations 
on actual piling are never likely to be coupled with sufficiently accurate 
data concerning the subsoil state to yield even a rough estimation of the 
influence of increase in confining pressure. 

_ The practical task of surveying cohesionless subsoil below water level 
for sheet-piling works can at present be accomplished only by some form 
of penetration test. Numerous types of test and equipment exist, but 
whichever is available may be calibrated by driving into artificial beds 
of dense sand, loose sand, and loose silt or ashes, respectively, which are 
about 6 feet deep. Provided a check is made on the compression curves 
for the silt or ashes used, the mean values shown in Table 2 may be 
taken as standards to calibrate the equipment. 

A knowledge of the log m value allows a more accurate design of canti- 

lever walls. The results of model tests with cantilever walls plotted i in 


pa 5 show good agreement with theory. 


‘i 
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Influence of Seepage . 
Upflowing water through the subsoil reduces the effective soil density. — 
To maintain the same passive resistance to a given overturning moment 
the wall movement increases to shear the soil further until a higher value 
of ¢ is mobilized. Thus, at a first approximation, the value of m is pro- 
portional to the effective soil density : 
10g m roote sand _ 108 Yioose sand 
log m seepage Y seepage 
Loose sand subsoil immersed in static water has also a reduced log 
value over that of dry sand. However, if the water level is near th 
top of the piling, the active soil value y is also reduced to the same de 
and the value of y does not influence the moment reduction curve. For 


this case, therefore, can be estimated the log m, value due to seepag 
relative to the immersed subsoil : 


log my = . (35) 


log my = log Yimmereed 
Yseepage 
From simple piping theory the effective soil density is : 


ha 
Yseepage = Yimmersed — D Ywo 


where ha denotes excess hydrostatic head at toe of pile. 


Therefore, log my = log 


And, since = i, 


rT <4 
log m, = log | 


by manometers. The wall was sealed at the corners by thin surgical 
by observing the overturning 
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_ Taking Ky = 0-4, the “at rest” overturning moment for each value 
of the effective soil density was calculated, My. 


The resistance to movement of the wall by the soil is given by : 
(Mf, + 8M.) — M, — My — 5M, = M. 
These values are plotted in Fig. 21(b) and the mean ratios of the 


abscissae of the curves are plotted against the ratio a in Fig. 21 (c). 


‘Equation (35) is also plotted on this diagram. 


Points from 7) 
raphs (b 
agen © Equation 35 


Fig. 21 


Manometer 


VALUES OF M/D?:LB./FT) 


i 


VALUES OF re 
PINNED WALL MOMENT/ROTATION CURVES 


INFLUENCE OF SEEPAGE ON THE SOIL STIFFNESS MODULUS 


The equation (36) assumes a uniform uplift throughout the whole 
epth of penetration of the piling, whereas the actual uplift decreases 
ecording to the flow net diagram. However, a decrease in density of 
he subsoil under a constant moment M requires that the Kp values, that 
; to say, the d values, increase; these are coupled. with strain values 
ger than simple proportion as assumed in equation (35). These two 
fluences have opposite effects and this may be the reason why the 
mple curve and observed readings agree quite well in Fig. 21 (c). 
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Nevertheless, pending a fuller investigation of the influence of seepage, it! 
would be conservative to allow the dotted line given by: : 


ha 
log = D 2 
ha 
where D < 0-5. 


For example, if a differential water level of @H is allowed on the desig a, , 
(Fig. 22), then head at toe : 


H 
ha 0H : a od 
ha ha 0 
ae Dieta). a —ay 
he! 


For H = 30 feet, 0H = 3 feet, « = 0-7, = = 0-06 = log m,. 


a) 


The use of the reduced shear strength of the subsoil would lead to @ 
lower value of « which causes a negative value of log m, (see Fig. 11), s¢ 
that for the usual order of differential pressures allowed, no account n eed 
be taken of the influence of seepage on the bending moment on the wa 
On the other hand, for the case of a cofferdam (Fig. 23) : eee 


ha 4 
D~ 21 —«) 
h 
If %=05, 5 = 05. 


In addition, the large extra active pressure due to the water will cause 
an additional log m, increment, approximately 0-2 (see reference 6 
Fig. 36 (a), curve C—curve B). Hence the total shift of the moment 
flexibility curve would be 0-7, This would more than offset the decrease 
in log m, due to decrease in design value of «. 


Fig. 26 
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SuMMARY 


The mathematical analysis of sheet-pile walls based on the simplifying 
assumption that the subsoil passive pressure varies linearly with depth 
and deflexion leads to moment/flexibility curves in close agreement with 
those observed. The position of the moment/flexibility curve on the 
log p axis is determined by the value of the soil stiffness modulus. This 
_may be estimated by comparing the records of penetration tests in the 
actual soil with that in artificial beds of soil in a laboratory. Seepage 
may increase the bending moment on cofferdam walls by decreasing fixity. 
__ The results are presented in graphs which are readily applicable to 
design office use in conjunction with the free earth support analysis. 
_ Previous work is extended to cover cantilever piling and all ranges of 
_ cohesionless subsoils. 
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The Paper is accompanied by twenty-four sheets of diagrams, from 
which the Figures in the text have been prepared, and by the following 
Appendix. 
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the 15th May, 1955, and will be published in Part I of the Proceedings. Contribu- 
tions should be limited to about 1,200 words.—Suo, I.C.E. 
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APPENDIX 


f, = 1 — 36x + 13-71428571x2 — 0-712430426,? + 0-009925501x‘ 
fe = 1 — 8y + 1-870129870x? — 0-071928072x* + 0-000805917x‘ 
fs = 1 — 2857142857y + 0-432900432x — 0-012592450x* + 0-000114763x* 
ff, = 1 — 1285714285 + 0-131868132y? — 0-002955028x? + 0-000022130x4 
fs = 1 — 0-666666667y + 0-047952048y" — 0-000841264,? + 0-000005225,4 
Kr, = (3 +) + x,[10-666666667 + 19-333333333a] 
+ x1°[3-532467542 + 10-85314676a] 
+ x1°[0-272569532 + 1-154574748a] 
+ x1#[0-007276387 + 0-038828750c] 
+ x15[0-000006919 + 0-000821481a) 


Divisor 


Kr = (2 +a) + x; [15-0 + 46-714285715a1] 
+ x1°[7-192807021 + 37-378620719a] 
+ x19[0°713572190 + 5-069686870c] 
+ x1#[0-023052547 + 0-205234052c] 
+ x1°[0-000231627 + 0-003533983«] 


Divi 


Kp, = (6 — 3a + a) + xy[11-714285714 + 8-57142857la + 9-7142857150] 
+ x1°[2°765234748 + 5-066933126a + 6-553446426a*] 
++ xq5[0-168480792 + 0-480747006a + 0-777916482a2] 
+ x1*[0-003749208 + 0-014330745a + 0-028025179a*] 
+ x1°[0-000009138 + 0-00000248la + 0-000816781a2] 


Divisor 


Kp, = 3 + xy{11-142857145 + 22-714285723a + 27-8571428870.2] 
+ x1°[3-683744838 + 14-210931387x + 26-6767515182.] 
+ x1°[0-284287173 + 1-572142224q -+ 3-9268296572"] 
+ x1*[0-007589058 +- 0-053979525a + 0:166718016a"] 
+ x1*[0-000062535 + 0:00056981 1c -+ 0-003137250a"] 


Divisor 
Ks, = (1 +a) + x,[1-952380953 + 6-761904762a + 62857142860] 
+ x1"[0-460872458 + 2-610722618a + 4-121212109a) 
+ x1°[0-028080132 + 0-216409268a + 0-469083034a.] 
+ x1'[0-000624868 + 0-006026651a + 0-016401047a3} 
++ x15[0-000001523 + 0-000003873a + 0-000408804a."] 


a ee a) ee hls el Ne Eee ABAD Ye 


Divisor 
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Kz = (05 + «) + X1 [1-857142857 + 11-285714286q + 17-7142857140?] 
+ xX17[0-613957476 + 5-964892066c, + 15-70686474402] 
+ x1°[0-047381195 + 0-618809808« + 222543852602] 
+ x1*[0-001264843 + 0-020522861« + 0:092355591«2] 


+ x1°[0-000010422 + 0:000210782x + 0-001663593«.] 


Divisor 
Divisor = 1 + 1-142857130y, + 0-197802211y,2 + 0-009642718y,3 
+ 0-000180303y,4 + 0-000000247,,,5 
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Paper No. 5990 


‘*Sheet-Pile Walls Encastré at the Anchorage ”’ 


by 
* Peter Walter Rowe, Ph.D., A.M.L.C.E. 


(Ordered by the Council to be published with written discussion) 


SYNOPSIS 


Previous experimental ' and theoretical * analyses of sheet-pile walls anchored by 
elastic tie-rods are extended to include walls built in at the top to a concrete relieving 
platform. Theoretical reduction curves for the anchor force and maximum positive 
and negative bending moments, from flexure alone, are given. Agreement with 
model observations is obtained, allowing for further moment reduction from arching 
of the retained soil. 


INTRODUCTION 


A WALL built in to a concrete platform cannot yield outwards at th 
anchorage. Therefore, moment reduction from arching of the back 
will operate together with that arising from flexure. It is proposed, how- 
ever, to calculate the variation in moment on the wall with flexure 
assuming a triangular active pressure distribution, and then to apply 
further reduction resulting from arching. 
Since a relieving platform transfers surcharge loading to the subsoil 
by means of bearing piles, surcharge is not included in the calculatio 
All walls are treated as being anchored at the top, the height of the wall 
being taken from the underside of the platform to the toe (see Fig. 1). 
For the analysis of the wall pinned at the anchorage,? the wall w 
separated into three cantilevered wall systems, namely :— 
(1) Cantilever, subject to a line-load at the top. 
(2) Cantilever, subject to a triangular pressure distribution. 
(3) Cantilever, subject to a uniform pressure distribution. 
Case (3) is not required here since no surcharge occurs. The values of 
the deflexions and slopes of the walls at the dredge level for cases (1) ar 
(2) are required again for the following analysis. . 
The solution to the pinned wall was obtained by equating the difference 
between the outward deflexions of the wall, in cases (1) and (2), to the 


* The Author is Senior Lecturer in Engineering at the University of Manchester : 
* The references are given on p. 86. 
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“yield of the anchorage. In this case, no yield occurs so that the deflexions 
of cases (1) and (2) are made equal. In addition, it is necessary to apply 
4 moment at the top of the wall to produce a slope of the wall equal, and 


“opposite, to that of the pinned wall. The wall is then encastré, and the 
‘moment is the fixing moment. 


Fig. 1 Fig. 2 


(bik 


The notation and method of analysis follow that of the pinned pile, so 
that it is only necessary to present the additional notation and the case 
of the cantilever pile subject to a bending moment and shear force at 
the top. 


ADDITIONAL NoTaTIon 


ay denotes slope at dredge level. 

a »,  deflexion at dredge level. 
_ KM, KMg denote functions of X; and «. 

Km, K'm, 3 functions of X1- 

Km, K’'m, _,, — functions of X1- 


Mr denotes the fixing moment at the top of the wall. 

My »» moment at the dredge level due to Mp and R. 

ee », additional anchor force due to encastré condition. 
SoLUTION 


L) Cantilevered pile subject to moment: 

My and line-load R at the top (Fig. 2). 

Considering that part of the pile above the dredge level :— 
d2y 


El ge 


— My +4 (Mz — Mp) 
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dy 72H dy : 
. = — — _— M EI * WwW YT 
dy 
When n=, d(nH) = a 
dy : aH 
= —. .. (Dg 
caer Oe Ela, + (My + Mp)> (1) 
H H 
Bly = — My 4. OP (My — My) + Bloyy + 
(Mp + Mp) ->— Ea 
Since y=ay when n=a 
a1 or ae =u + 9M) te 
(aH)? (aH)} 


It is now necessary to determine the oh of dp and a, resulting from — 
the application of a positive shear force and negative moment to the lower 
part of the pile embedded in the subsoil. | 

Following the previous analysis, the deflexion is expanded in a series 
of x, i 


Y= M + aye + agr*-+agzys . . . . . (8) 


d may 
and BI =P =P oe: «in vnabidiouce: el eee 
At the dredge level, z=0, from Fig. 2, 
d 
BI; 4 = MgB = — My 
TM 
and 03 = — ony 
also a1 — 6aghI = R 
da’ ni 
ee ot poll 
ten 
“3 6EI 
dty | 
and Bed = 41, =0 
. a =0 
At the toe «= (1—a)H 
dy dy | 
and Fa ge 0 od Wo og tads goo 


oe 
7 


Equation (3) is differentiated four times and the value of pu is equal e¢ 
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“ VRS 


to that in equation (4). This leaves five unknowns Go, 4; .. . @. The 
values of zg, Ag, M4 are given by equations (5), and the remaining unknown 
values @ and a, are obtained from the solutions of equations (6). 

— 6 


ml — «ene *Mp - Km, — (1 —a)RHK'm}. . (7) 


— Whence : ap= 


12 
Gnd a = aoe {8M Ke — (1 —«)RHK’m} . . (8) 


Palues of Km, K'm, Kmz and K’mg are given in the Appendix and in 
Fig. 14. 


M,—M : 
By substituting the value cae a = RF in equations (7) and (8), ao 


and a, are obtained in terms of Mp and My. Substituting these values 


Max. (a= 0-6) 


0:30 


0-20 


0-10 


Mp 
mM, 


VALUES OF 


' 
2° 
s 


I Gp and a, in equation (2) gives Mp as a ratio of Mp: 

Ee (1 —ce)2K'my +201 —at) Km —Ampa(1—a)_ 

Fp 4oe(1—cx) Km +(1—a)2K’my + 6002 Kg + 2ae(1 —ax) Km + 8mpa3(1—a)$ 
: ‘ Abie SER (9) 


~ 
~. 
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; awit dA 

where a 144 EI 

For an infinitely stiff pile, equation (9) gives 7? =" —™ an 
or an infinitely stiff pile, equation (9) gives My 3430 +08 

M 1 
for an infinitely flexible pile, —? = — a (that is, encastré at the dredge 
vi 
level). 
Substituting : 


KM, = (1 — «)2K'm, + 2a(1 — a) K'me 
KMp = 4e(1 — a)Km, + (1 —a)?K'm, + 602K my + 2ae(1 — ae) K’ 
and =x, = 7g (1 — «)4mp 


Po 
mM, 


VALUES OF 


Equation (9) becomes : 


D (1 — a) 2 
My es 
SBM a S 


Values of KM, and KMg are given in the Appendix and in Fig. 1 


be 


ba 


ic. 
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a 
Ratios a are shown in Figs 3 and 4 fora =0-6->0-8. The slope at the 
ie ? T . . . . . 

_ top of the pile is obtained by substituting the value of a, from equation 
_ (8) in equation (1), whence : 


dy ms 
U(nH)»—0 i 
12M, [My 
a(1 — a)8mH8| Mam + (1 — a) Kms + 6a2(1 — a)9mp} — 
i a) Weng 4- Gar%(1 — aymp| sag (11) 
Mp 


"Substituting the value of u from equation (10) in equation (11) gives 
ra T 


the slope at the top of the pile arising from the application of moment, 
_M,, at the top. 

i It is now necessary to state the natural slope at the top of a pinned pile 
arising from the triangular active pressure, and line-load, 7’, at the top, 
_tespectively. 


(2) Pinned Anchored Pile: 8B =0, q=0 
_ (a) Due to earth pressure on cantilever pile, 
2aK py 
Slope at dredge level = Kay mat 


(equation 20, reference 2). 
The additional slope from bending above the dredge level 


f dy 2aK po at. H* 
s Pai 7 ianasl 4 E awe loser | ue Mt) 
Similarly for (6) cantilever pile with line-load, 7 
dy fo ee 12K py, re | 
| HnH)\,-0 He [ml —a' 2 EL 
Subtracting equation (12) from equation (13) gives the slope at the top of 
the pinned pile : 


(13) 


, ral 2 

AnH) \yao* 

an toa gcrma —|+ wap [HX cpa —*H|} 
y 3 (14) 
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Equating equations (11) and (14), the fixing moment M7 at the anchora, 
required to reduce the slope there to zero is obtained : | 


My a 
KqyH3 
Joi}(1 —a)*mp(12X’ — a2) + F[6K yp,’ — aK pe] 
-572(0aK me + (1x) ’m-+62%(1—2)!mp)—(1—a)K’ma-+622(1—a)!mp] 
iy 


F } : 
where A’ = Kay for the pinned pile. 


Fig. 5 


Key(| —a)H Key(| —a)H 


For an infinitely stiff pile, equation (15) gives : 
M T a 

Pr n= = — a2 . . . LO) 

KyH = 6 (3 — a2) eS (16) 

Since an infinitely stiff pile encastré at the top cannot deflect at t 

toe, the pressure distribution is given by Fig. 5, whence, by taking moments 

about the anchorage, equation (16) is found to be correct. 


The additional anchorage force arising from the encastré condition 
extra to the pinned condition, is given by: . 


The additional coefficient is Ae 
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ee Mn 1 My 
= gam (ipim) X20 Fe) - a9 
The total anchor load coefficient — )’ NS eee Or 118) 


a 


Fig. 6 


Locus of depths over which 
central moment is exceeded 


— — — These curves were 
calculated only approximately 


— 0.04 — 003 — 0-02 — 0-01 0 0-01 M002 


BENDING MOMENT DISTRIBUTIONS 
a= 0-6 
(Units: M :lb/ft/ft; Kgy:lb/cu. ft; H: ft) 


: 


Ma 
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BENDING MOMENT DISTRIBUTIONS 
a=07 


Mya) 


78 My 


KyyH3 aa (r’ + n\n 2g utes, KyyH me pede (1 9) 


The largest numerical value of equation (19) is My, 


which is negative. 


The maximum positive value Mg above the dredge level is given by: @ 


= Oi , Va eee : 
KgyHts ~ 042800 +X")! — as 
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Fig. 8 


‘es 
wm 
oO 0. 
n 
w 
= 
= 
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> 


[BENDING MOMENT DISTRIBUTIONS 
a=0°8 


The distribution of bending moment below the dredge level arising 
rom. the moment, M7, and thrust, R, alone, is given by : 


Bui My f Mp .\(1—a) 
Eo ~ Koys| ft (go 1) GO es 


fern (8) 2m. {arm— (8 


— K'mshete es (21). a 
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where f; — fs have the values given in reference 2, p. 86. This distribu 
tion must be added to that acting on the pinned pile—equations (11) nde 
(18), reference 2, p. 86. 

Values of the fixing moment, M, (equation 15), and the distributio 
of moment above the dredge level (equation 19) have been calculated for 
a range of values of logig mp for « = 0-6, 0-7, and 0-8; the resultant: 
distributions below the dredge level have also been calculated for « = 0-7,’ 
The results are given in Figs 6, 7, and 8. The calculations show that, 


meee Pale 


Highly flexible piling 
in dense sand 


Curves for fixing moment My, 
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Fig. 9 
Practical range 


20 


LOG mp 


REDUCTION OURVES FOR CENTRAL AND END FIXING MOMENTS 
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| under normal working-stress conditions for practical ranges of pile flexi- 
{ bility and soil stiffness, the maximum bending moment beneath the dredge 
} level is less than that above the dredge level. The fixing moment at the 
anchorage exceeds the central positive moment in value over a distance 
approximately ;4;H below the anchorage. The fixing moments, M 7, and 
maximum central moments, Mg, are plotted as a percentage of the 
Maximum free earth support value for a pinned pile in Fig. 9. This 
‘diagram summarizes the essential design bending-moment data for the 
wall. In addition, the bending-moment distribution curves are of value 
in determining the distribution of steel reinforcement in concrete walls, 


PPORT VALUE FOR 
WALL: PER CENT 


FREE EARTH SU. 
— PINNED PILE 


60 Practical range 


TOTAL ANCHOR FORCE 


ANCHOR SHEAR FORCE VARIATION WITH FLEXIBILITY AND SOIL STIFFNESS 


fhe maximum shear force occurs at the anchorage and the total anchor 
oads calculated from equation (18) are given as a percentage of the free- 
arth-support values for a pinned pile in Fig. 10. 

_ The above calculations were based on the temporary assumption of a 
triangular type of active pressure distribution above the dredge level. 
he results of tests on model sheet-pile walls 2 feet 6 inches high, encastré 
t the top, embedded in dry loose sand, are shown in Figs 11 to 13. For 
iff walls, the bending-moment curves and maximum values agree closely 
ith those calculated arising from flexure alone, Figs 11 and 12. With 
crease in flexibility, the observed moments fall below those from flexure : 
one. This further reduction was 20-30 per cent in the practical 
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Fig. 11 
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Fig.12 


Theory 


©—o-0 Experimental 


Loose sand 
Log m = 4-75 


83 


a=08 
x; = 0:0063 


— 0-02 0 + 0-02 — 0:02 t) + 0:02 — 0-02 0 + 0-02 
M M M ; 
Kr KB KR 
BENDING MOMENT DISTRIBUTIONS. Log p= — 3:16. Loosm sanp 
: Fig. 13 
Theory | 


©—o0~0 Experimental 


Loose sand 
Log m= 475 


BENDING MOMENT DISTRIBUTIONS. Loa p = — 2-01. 


LoosE SAND 


f 


Sf. 
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flexibility range, arising from the influences of arching (20 per cent), 
the Poisson’s ratio effect (9 per cent). J Ly 
The bending-moment distribution curves for highly flexible piling 
Fig. 13, show a progressive discrepancy between the theoretical and a 
observed points of zero bending moment below the dredge level, with | 
dredging. This results from the influence of the passive outward sli a | 


of the pile toe which are equivalent to a reduction in the soil stiffnes 
modulus, m. The increase of the value of Mg expected at low dredg 
levels (« = 0-8) is counteracted by a larger arching reduction facto 
because the arch spreads over the whole length of the pile. Furthe 
dredging leads to a rapid increase in the fixing moment towards the va 


on a wall cantilevered from the top and subject to arching over the ful 
height. a 
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Fig. 15 


LOG,, x, 


SumMary or Desian PROCEDURE 


(1) Estimate the soil stiffness modulus value from subsoil penetration 
tests.? 


(2) Calculate the maximum bending moment and tie-rod load which 
would act on a pinned wall. 

(3) Draw the moment/flexibility curves and shear force/flexibility 
curves from Figs 9 and 10 using values from (1) and (2) above. 

(4) Estimate the further reduction arising from the Poisson’s ratio 
efiect and arching by empirical data or calculation. 


f 
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(5) Combine the resultant moment/flexibility curve with structural 


curves 1 to obtain the design flexibility. 
(6) Use Figs 6, 7, 8, and 9 to detail the reinforcement. 
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APPENDIX 


Km, = 1 + 7-50y, +-3:596403573y,? + 0-356786067,,° 
+ 0-011526283y,* + 0-000207100,,° 


Divisor 
K’m, = 3 +- 10-666666667y, + 3-532467542y,? 
+ 0:272569532y,° + 0-007276387,,* -++ 0-000006919,5 


Divisor 


Km, = 1 + 20:57142858y, ++ 14-857142581,,2 
+ 1-927753018,° + 0:076095533y,* + 0-001256532,,° 


Divisor 


K’mg = 2-+4-15-0x, + 7/192807020x,? + 0:71357220y, 
+ 0-023052547,,4 + 0-000231627,,° 


Divi 
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KM, = (3 — 2a—a2) + y,[10-6666 + 8-6666a — 19-3333a2] 
+ x1°[3-53246754 + 7-3206789x — 10-8531465a2] 
+ x1°[0-27256953 + 0-8820054e — 1-1545748702] 
+ x1*L0-007276387 +. 0-03155232x — 0-038828707x2] 
+ x1°[0-000006919 + 0-000449416a. — 0-000456335«2] 


Divisor 
KM, = (3+2a+02) + Xi[10-6666 + 38-6666a +- 74-09523815a2] 
+ x17[3-53246754 + 21-70629320c + 63-90409550a2] 
+ x1°[0-27256953 + 2-309149600« + 8-98479903a2] 
+ x14[0-007276387 +- 0-077657452« + 0:371639341«2] 
+ x1°L0-000006919 + 0-001277816q + 0:00625445702] 


Divisor 
Divisor = ] + 1-:142857130y, + 0-19780221 ly,? + 0:0096427 18y, 
+ 0-000180303y,4 + 0:000000247y,5 
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Paper No. 5998 


‘‘The Computation of Shrinkage and Thermal Stresses 
in Massive Structures ”* 


by 
* Olgierd Cecil Zienkiewicz, Ph.D., B.Sc.(Eng.), A.M.LC.E. 


(Ordered by the Council to be published with written discussion) 


SYNOPSIS 


The Paper presents an extension of relaxational techniques for dealing with some 
problems of shrinkage and thermal stress encountered in massive concrete struc- 
tures. : 

Although it is realized that no mathematical solution can fully present an answer 
to such complex cases as occur in practice, an approximation at least to the true stress 
distribution may be achieved. veral examples of shrinkage problems frequently 
encountered in practice are worked out and the relatively complex distribution of 
stressesisshown. The problems worked out include stresses in heightening of a gravity 
dam, and the effects of shrinkage of concrete masses placed in contact with 
foundations. 


INTRODUCTION 


Despite the well-known fact that the shrinkage and thermal effects mani- — 
fested in massive concrete structures may cause stresses in excess of those 
resulting from the loads the structure may be carrying, their analysis has 

received very little attention compared with similar effects on simpler 
structures such as arches, etc. The reasons for this are many: the thermal 
conditions are difficult to assess; the amounts of shrinkage may vary 
throughout the body of the structure on account of its building-up process ; 
the complex stress/strain relations, etc. All these create a type of 
problem, to which an exact solution may never be found. Even with 
numerous simplifying assumptions, the problem, in all but the very 
simplest cases, defies general mathematical solutions. It is the object of 
this Paper to show that, with some basic assumptions, it is possible to — 
techniques.. Although these results may still be only a crude approxi- 
mation to the actual stresses developed, they should be valuable in 
assessing thermal shrinkage effects in important structures, 


* The Author is Lecturer, Sanderson Engineering Laboratories, Edinburgh 
University. rg! 


\ 
- 


; AND THERMAL STRESSES IN MASSIVE STRUCTURES 89 
_ Some attempts at finding solutions to similarly idealized problems as 
those described in the Paper have been made, using photoelastic tech- 
niques, by Smits! and others. Although reasonably consistent answers 
¢an be obtained by such methods, they seem only practicable in the simplest 
fases and lack the versatility of relaxation methods for more complex 
conditions. 


Basto ASSUMPTIONS OF THE TREATMENT 


To allow the problem to be treated exactly, it is necessary to make the 
following assumptions :— 


(1) The material is homogeneous and isotropic with constant elastic 
properties. 

(2) Known temperature and shrinkage values are applied to the 
structure after the material has set and has obtained the 
above properties. 

(3) Solutions are limited to two-dimensional cases of plane stress or 
plane strain. 


It will be evident to those with experience of concrete—which is generally 
the material involved—how much these hypothetical conditions are de- 
parted from in practice. Assumptions of constant elastic properties are 
ybvious approximations, and the process of shrinkage and temperature 
levelopment, occurring simultaneously with the hardening, causes a 
urther discrepancy. 

The limitation to two-dimensional cases curtails the applicability of the 
olution to some extent, but it does give a good approximation in the 
icinity of central sections of three-dimensional structures. 

Values of temperature distribution in massive structures can be obtained 
yy methods similar to those described by Professor Ross,? and frequently, 
a cases of such structures as gravity dams, by actual measurement in situ. 

Determination of shrinkage values has to be limited necessarily to 
uboratory specimens. Shrinkage coefficients for concrete range from 

x 10-4 to 7 x 10-4 according to various sources. 


GENERAL EQuations 


Because temperature and shrinkage stresses are basically of the same 
rpe—in both cases caused by the tendency of the material to change its 
lume and by the restraints of the boundaries or adjacent parts of the 
ructure—the latter can be treated as a specific case of the former. 

The necessary equations which require solution are best provided by 
e use of Airy’s stress function. Referring to the stress system given in 


1 The references are given on p. 99. 
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Fig. 1, it can be shown easily that, if the stresses are defined by the use of 
the Airy stress function ¢ as follows : 


ad 

Foy? 

Op 

w= 32 
junen ‘ tL) 
Tay = axby > Oty iws teh Oe Fee (1) 


then the conditions of equilibrium of the element are automatically satisfied, 
providing that no body forces are acting. 


Fig. 1 


DEFINITION OF STRESSES 


Consideration of strains caused by the above stresses and temperature 
changes leads to the following equations which have to be satisfied in th 
case of plane strain by the function ¢ : 


E 


er) |g 0 Se 


or in the case of plane stress : 


V4 = — EV%(a7') ~ oo, 2 (2 
In the foregoing equations the following notation is used :— 
E denotes Young’s modulus , 
v »  Poisson’s ratio 
% ,, coefficient of thermal expansion 
L 4, temperature 


eerie. 


—_— 


aa T ya 


* Deduction of equations (1) and (2) can be checked easily from andiasd 
equations of compatibility and equilibrium, ‘The Author notes that a form of equatio 
similar to, but less convenient than, that of equations (2) is quoted on p. 424 of 


reference 3. 


a 
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The solution of the problem of stress distribution, arising from a known 
temperature state, resolves itself thus to finding a function ¢ which satisfies 
equations (2) at all points at the same time, giving the required values of 
stresses on the external boundaries. Since the stresses arising from external 
loads are generally known, the temperature stresses can be treated 
Separately. With no boundary loading, it is then evident that the required 
free boundary conditions will be: 


RI act crag yp ms 
dg As 5, = Bs and ¢=Azr+By+0C 


Because the constants, A, B, and C can take on any arbitrary value 

without affecting the stresses in most of the problems solved here, they 
were made equal to zero. 
_ It should be noted that a solution obtained for a plane strain case may 
be simply translated into that of plane stress by a change of a coefficient. 
_ Since «7’ represents the proportional increase in length of an element 
resulting from a temperature rise, 7’, it should at this stage be observed 
that, in problems where shrinkage is involved, substitution of «J’ = — 5 
—value of shrinkage at point considered—enables shrinkage problems to 
9e dealt with on identical lines. 

Before attempting a solution of equations (2), it is convenient to 
resent the equation in a non-dimensional form, thus simplifying, to some 
sxxtent, the numerical work involved. Taking, in the case of plane stress : 


z= La’ 
y= Ly’ 
DP O25 
EL2aT 
m l—vp p 


1 and 7’, representing some arbitrary length and temperature, the govern- 
ng equation (2) reduces to 
| Vet Vise oe wie ete) 


which the differentiations are carried out with respect to the dimension- 
ss co-ordinates a’ and 7’. 


SOLUTION OF THE EQuaTIONS 


Full descriptions of relaxational techniques, as applied to similar 
juations, appear elsewhere 4 5*so only a summary of the procedure is 
ven in this Paper. 
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Step I A square mesh is drawn throughout the region considered, and the: 
governing and boundary equations put in the finite difference approxi- 
mation using only the values of the functions of the mesh points. , 
Referring to Fig. 2, for example, the governing equation (3) applicable : 
at point O, can be written as follows : 
20ybo + 25 + Ye + bz + Ys) + Ho + pro + Yur + fae 

— 8(f1 + po + Ys + Ya) + 27(01 + Oy + Og + 04 — 489) =O 
Similar equations can be written down at all mesh points and, supple: - 
mented by the boundary conditions, give a system of simultaneous | 


With 


Step II To solve this large number of simultaneous equations, relaxation 
technique is followed. Initial values of y are guessed at all mesl 
points and “ residuals,” representing the values of the left-hand side 
of equation (4), are calculated. Then, by successive corrections of the 
individual y values, the residuals ‘are reduced until they become 

= insignificant. Fig, 3 represents what is known as a “ relaxation 
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pattern ” applicable to equation (3), showing the change in residuals 
at points surrounding O when yo is changed by unity. 


Step III The same procedure is repeated on a finer mesh to obtain a 


more accurate solution. Initial values here are obtained by inter- 
polation from the first solution, reducing the amount of “ relaxation ” 


Fig. 4 (a) 


0-440 


0:75 
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Fig. 4 (c) 


1,000 yy 


neat tie 282 
466 


EXT, 
I-v 
o 


STRESS IN UNITS OF 


Tension 
Compression 
ee | 
Specie gest 


STRESSES DURING COOLING UP A SQUARE PRISM (see also Figs 4 (a) and (b)) 


required. If the changes in % are not significant at this stage, the 
solution has been obtained within the required accuracy. 


Step IV Stresses at all points can be computed by using the appropriate 
finite difference approximations to equation (1). 
A simple example is shown in Figs 4 (a), (6), and (c). It represents the 
solution to the thermal stresses produced at a stage of cooling of a lo ng 
square-section prism which was initially at a temperature 7’, and is being 
cooled by exposing the outer boundaries to a temperature of zero. The 
temperature distribution assumed at the particular instant is given in 
Fig. 4 (a) and is interpolated from the isotherms given by Carslaw and 
Jaeger.6 Fig. 4 (b) shows the solution obtained on a fairly coarse mesh 
and Fig. 4 (c) a better approximation on a mesh of half the size. On the 
same diagram is plotted the distribution of normal stresses on a centre-line 
section. The values obtained from the coarse-mesh solution are very close 
to those of the more accurate solution and the general level of accuracy can 
be easily ascertained. 
The distribution of stresses is interesting, showing the expected tensile 
stresses near the outer boundary, and the accompanying compression 
within the central core. 


This relatively simple example could be solved, with considerable 


a 
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labour, by means of an orthodox analytical approach. It should be 
observed, however, that the relaxation technique can be extended quite 
simply to any shape of a boundary, and a practical problem of, say, the 
distribution of stresses in a gravity dam caused by known temperatures 
_ would not present any difficulties. 


Discontinuous SHRINKAGE 


Although problems with shrinkage varying in a continuous way across 
_the body of the structure could be tackled in an identical way, most 
_ problems of shrinkage in practice are those where a part of the structure is 
“subject to uniform shrinkage and is attached to a part which does not 
shrink. Such cases arise, for example, when fresh concrete is bonded to 
old, or to a foundation of rock, and are characterized by a discontinuity of 
_ 8, the shrinkage, at this boundary. 

To treat such cases by the methods described earlier, it is necessary to 
assume that the shrinkage varies continuously within a narrow region 
adjacent to the interface. Physically, such an assumption, by the 

principle of Saint Venant, will effect the stresses only in the immediate 
neighbourhood of the discontinuity. Mathematically, if the region of 
variation of s is small, say, limited to one mesh-length either side of the 
interface, errors in the finite difference approximations may be expected. 

' _ Totest the method and illustrate the points in question a simple example 
will be given. This is a case of a long rectangular beam, half of which, 


Fig. 5 


Half of beam subject to shrinkage: eel 


Variation of shrinkage: =1 


a eh nee ae —\ 
errs A 
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° \y 
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‘: 04 Wel 
05 
STRESSES IN A BEAM HALF OF WHIOH IS SUBJECT TO SHRINKAGE t 
ee . 
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situated below the neutral axis, is subject to uniform shrinkage, 89. Such 
a problem being identical to that of a long bi-metallic strip subject to 
temperature change, can be treated by methods outlined in most standard 
texts on strength of materials and the known solution compared with that 
obtained relaxationally. Fig. 5 shows the solution. The details of work- 
ing follow those described previously ; the equations now are rather simpli- 
fied since s and 8 (- ‘) do not vary in the direction of the beam a 
0, 

The regions of variation of s of two and four mesh-lengths were both tried 
to ascertain the effects of the poor finite-difference approximations there. 
Comparison of the resulting curves of stress distribution with the cantar 
solution shows that :— 


(1) The stresses in the major part of the beam are evaluated cor- 
rectly by the method. 

(2) The error arising from assuming the variation of s to occur 
within two mesh-lengths is small. ; 

(3) The stresses at the interface, being finite, can be obtained wit 


good accuracy by extrapolating the main stress distribution 
curves, 


oie 


The methods outlined can now be applied to some problems of practica ; 
interest to the civil engineer. | 


Mass oF ConoreTE IN Contact witH a Rook FounDATION 


This is a frequently encountered problem and it is well known that, on — 
occasion, stresses of magnitudes capable of initiating cracks can b 
developed. It is assumed, for the purposes of the example, that the 
modulus of elasticity of the foundation is the same as that of the concrete 
and that the latter is subject to a uniform shrinkage 8). Fig. 6 shows the 


“ boundary ” conditions within its body are given by the tendency of the 
stresses to become zero and hence a constant value of yb. 

Although, strictly speaking, the solution is valid for a block of infinite 
length, it is reasonable to assume that, for a central section of a block of 
finite length, the solution will be identical especially since Poisson’s ratio 
for concrete has very small value. Fig. 7 illustrates the stresses obtained 
with a rectangular block. 


The distribution of normal stresses on the vertical section is of interest. 


Near the base, tensile stresses approaching 0-6 of the fully restrained values 
are encountered but tend to decrease rapidly with the height. Reversal 
of the direction of these stresses at some height above the base is . 
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ts Fig. 6 


Stress scale 


Material above 
this line subject 
_ to shrinkage s, 
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HORIZONTAL STRESSES 
AT CENTRE-LINE SECTION 


Square BLock suBJEcT TO SHRINKAGE ON AN ELASTIC FOUNDATION 


Fig 7. 
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Stress scale 


Material above 
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to shrinkage 5, 
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| “Es 

Tension ess. 
SHEAR STRESSES ON 3 ey VERTICAL STRESSES ON 
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HORIZONTAL STRESSES 
AT CENTRE-LINE SECTION 


RECTANGULAR BLOCK SUBJECT TO SHRINKAGE ON AN ELASTIC EOUNDATION 


It is obvious from Fig. 6 that, with blocks where the height is greater 
than the base width, stresses tend to zero in the upper portions. At the 
other end of the scale, with blocks of very great width, stresses will tend 
to become uniform over a vertical section and equal in value to full 
restraint. . : 

It is of some interest in this connexion that the Kammiiller formula for 
the spacing of contraction joints in dams, quoted by Leliavsky,” assumes a 
ae 
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‘uniform distribution of stress and thus to some extent underestimates the 
‘opening of the joints resulting from shrinkage. 


e ENLARGEMENT OF AN EXISTING Dam 


In this case, appreciable stresses can be caused by the shrinkage of the 
new layer of concrete bonded to the old material. That relatively large 
Stresses can be caused by so doing is realized by engineers acquainted with 
the problem and is illustrated by elaborate precautions which had to be 
taken in enlarging the Mullardoch dam.8 Fig. 8 shows the distribution of 
some of the stresses caused by a uniform shrinkage of the outer layer in a 
typical example. Since these stresses have to be superposed on those 
caused by the weight of the structure and water pressure, it can be seen 
that large tensile stresses may be caused not only in the new layer, where 
cracking could possibly be tolerated, but also in the dangerous region of the 
upstream face. Taking the shrinkage value s, as 3-5 X 10-4, the tensile 
Stresses at the upstream face may reach 300 lb. per square inch in this case 
assuming # = 2 x 106 Ib. per square inch and py = 0. 

It should be noted that, in all the foregoing examples, the stresses pro- 
duced are dependent only on the geometry of the structure and the shrink- 
age or temperature values ; the size is of no consequence. 


CoNCLUSIONS 


It is hoped that the method of computation of shrinkage and thermal 
stresses may be useful in structures of unusual type and importance and 
that the examples worked out will, by illustrating the type of stress distri- 
jution encountered, contribute to a better knowledge of the phenomena 
nvolved. 
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i Paper No. 5957 
_** Photoelastic Experiments on the Stress Distribution in a Diamond- 
z Head Buttress Dam ’’ + 


by 
Professor A. W. Hendry, Ph.D., B.Sc., A.M.I.C.E. 


Correspondence 


Mr §. P. Christodoulides observed that the Author’s investigation 
had apparently been carried out in 1950, with the result that the Paper 
underestimated the possibilities of the “frozen stress” technique. Work 
done since 1950, both practical and theoretical, confirmed that, contrary 
to the Author’s statement on p. 371, it was possible to obtain the three 
principal stresses, P, Q, and R, and their directions, with reasonable 
accuracy and relative ease. 

“ Araldite B” 7 hot-setting resin had been used for several years for 
“ frozen stress ” models, and had proved itself a promising photoelastic 
material, superior to “ Marco” and “ Catalin.” It lent itself to easy 
machining and, provided the models were kept in a desiccator, the initial 
stresses were small. 

The fringe value of hot Araldite was 1-39 Ib. per square inch/fringe/ 
inch * at 130° C., which compared favourably with 1-6 at 85° C., for 
* Catalin 800 ”, at 85° C.8 The elastic moduli of Araldite were 4:2 x 105 
and 1,950 lb. per square inch at room and “ freezing ” temperatures 
respectively. The corresponding figures for “ Catalin 800 ” were 1:87 x 
10° and 1,500 lb. per square inch. 

The directions of the principal stresses, and the principal-stress differ- 
ances, P—Q, Q-R, and R-P, could be obtained from observations in a 
“ tilting stage,” 9 on slices taken from a ‘“‘ frozen’ model. If the values 
of the stresses were required at points along a line, say Oy, slices could be 


+ Proc. Instn Civ. Engrs, Part I, vol. 3, p. 370 (May 1954). 
* For definition of units of fringe value see p. 375 of reference f. 
7 References 7 to 11 are given on p. 106. 
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cut, from two identical models, in perpendicular planes containing the 
line Oy (see Fig. 25). 


Fig 25 


Calling these the zy and yz planes, and using two-dimensional phote | 
elastic methods, the shear stresses zy and yz could be measured and the 
quantities oa and could be calculated. 

Then, applying the equation of equilibrium in Cartesian co-ordinates } 

+ B+ Eo 
integration could be carried out along Oy, to obtain WY, starting from 


point where yy was known. Ata point on an unloaded boundary yy = 0. | 
If 1, m, n denoted the direction cosines of Oy with respect to the princi 


pal directions, as established from the tilting-stage observations, it wa 
known that : 


yy = (P-R)2 + (Q-Rym2 +R 
in which all quantities except R were known, and therefore R could be 
evaluated. Having found R, the other two principal stresses P and Q wer 


computed from the stress differences P—R and Q—R obtained from the 
tilting-stage measurements. 


Alternatively, the observations on the tilting stage could be dispensed 


with, and three integrations carried out to obtain re, yy, and 2z; then, 
from the equations : 


P+Q+R=a+y+a 
PQ+ QR + RP = an x yytyyxX wax me 
PQR = 22 X yy Xz; 
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_P, Q, and R could be calculated by solving the simultaneous equations, 

which would lead to a cubic. The method was rather tedious and not very 
accurate. 

In the case of a plane of symmetry the work involved in arriving at 

_values of the principal stresses was considerably less. If ay was a plane 


of symmetry, it was necessary to integrate only once to obtain yy. The 
well-known relation : 


yy = 3(P + Q) + 4(P— Q) cos 20 
where @ denoted the angle of the P-principal direction with the z-axis, 
could be used to obtain P + Q, since P—Q, and @ were obtainable from 
direct photoelastic observations on a slice cut to contain the xy-plane. 
The values of P and Q could thus be calculated from their difference 
and sum; by combining those values with direct measurements on a 
slice cut to contain the xz—plane, the third stress could be determined.10, 11 
The models used in the experiments for the diamond-head buttress dam 
had a plane of symmetry, and the slices shown on Figs 10, p. 384, would 
be suitable for the application of the method outlined above. 
In simulating gravitational forces by centrifuging it was essential 
to remember that the equations of elasticity satisfied in the two cases 
were not identical. 
Thus, Beltrami’s equation was : 


ig, ache as 
p1P+Q+R) +" pyF—f)=0 
1+ 
: 57 o2 o2 o2 8 Me) a0 
where the operators 7? and 7 were aae + ay? 4 aa and? a a) by + ke 


A > 
respectively, 7, j, k being the unit vectors; 7 denoted Poisson’s ratio, F 
and f the gravitational and acceleration vectors respectively, and p the 
density. 
. > > 
When gravitational forces only existed, F = gk, f=0, (g denoting 
the acceleration due to gravity), and pF =0. 


Therefore Beltrami’s equation became 72(P + Q + R) =0, and the 
stress sum satisfied Laplace’s equation. 
a 


> > ‘ 
When acceleration forces only existed, F = 0, f=fw?r (f denoting 
: ao 
the unit vector, r the radius, and w the angular velocity), and 7f = 3u? ; 
then Beltrami’s equation became : 
; FP + Q + R) + 3w%p(1 — y)/(1 + 9) = 0 
i The two different equations indicated different states of stress under 


ravitational and centrifugal forces. Also, allowance for the additional 
erm would clearly have to be made if relaxation methods were to be 
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used for “ splitting’? the stresses. Furthermore, where such methods 
were used on three-dimensional slices, assumed as two-dimensional, the 
third stress R involved in both the above equations was ignored and the 
three-dimensional operator 7? was treated as a two-dimensional one, 
Those approximations introduced errors whose magnitude could well b 
of importance. The disagreement between the experimental and theoret = 
cal results shown on Figs 8 and 11, and stated on p. 382, were of a serious 
nature. One should not expect discrepancies much worse than 10 per 
cent in photoelastic work, except where only a qualitative analysis was 
intended. ‘ 
In the theoretical investigation, according to assumption No. 2, p. 372, 
“The stress through the thickness of the material at any distance z 
from the upstream face is uniform.” That was not compatible with | 
Fig. 12 and Fig. 16 on which a very pronounced variation of the stress 
differences was photographed. A state of uniform stress would produce 
uniform principal stresses and principal-stress differences. 
The Author, in reply, said that before dealing with the various points 
raised by Mr Christodoulides it was perhaps worth reiterating that he 
purpose of the investigation had been to establish that the design method of 
calculation was sufficiently accurate and to examine the stress distribution — 
in the diamond head of the dam. As pointed out in the Paper there could 
be no question of extreme accuracy in the stress analysis of a concrete 
dam and, therefore, in the present investigation any elaboration of the 
method of analysis which in the end led to corrections of only a few per 
cent would have been futile. Again, since the work was for practice 
design purposes, the time available was limited and use had to be made 
of materials and techniques available when the experiments were put ir 
hand. Mr Christodoulides’s reference to “‘ Araldite,” although interesting, 
was therefore hardly relevant. , 
Although the methods described by Mr Christodoulides for determinir 
the separate principal stresses could no doubt have been applied to the 
analysis of the diamond head of the model it was very doubtful whether 
any information would have emerged commensurate with the trouble and 
expense which that would have entailed. At least one more model would” 
have been required and the cost of making and slicing models was suffici 
ently high to restrict the number used to the essential minimum. The use 
of three-dimensional techniques had been considered but those were not 
in fact applied when it was confirmed by comparison with an actual two- 
dimensional model that the stress system in a slice of the diamond hes 
normal to the water face could be considered as two-dimensional (see Fig. 
17). Naturally, agreement was not perfect but it was sufficiently good 
for the purposes of the tests. ; 
The Author agreed that considerable advances in three-dimensional 
photoelasticity had taken’ place during the past few years but he wo ald 
suggest that the method was at about the same stage of development as 
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two-dimensional techniques had been 20 years ago, when materials were 
still imperfect and computation of the principal stresses was effected by a 
step-by-step method of rather doubtful accuracy. 

_ The difference between stresses set up by gravitational and centrifugal 
acceleration fields in relation to the buttress dam experiments was quite 


Fig 26 


Top of model 


Centre of gravity 
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Base of model 


TOTAL LOAD: LB. 


TOTAL VERTICAL LOAD ON HORIZONTAL SECTIONS OF MODEL 


easily explained and assessed without resort to the theory of elasticity. 
In a gravitational field vertical acceleration was uniform over the height 
of the model whereas in a centrifugal field the acceleration varied with the 
radius from the centre of rotation and in the model was, therefore, greater 
at the base than at the top. It was obvious, however, that if the height 
of the model was small compared to the radius the acceleration would be 
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practically uniform over the whole height and a gravitational field closel 
approximated. The extent to which that had been achieved in th 
experiment might be judged from Fig. 26 which showed the total vertical _ 
load acting on horizontal sections of the model in a true gravitational field _ 
and in the centrifugal field actually used. The difference was negligible, 

Mr Christodoulides’s remarks concerning errors were not easily under- 
stood. The shear stresses shown in Figs 8 and 11 did not involve the 
approximations of which he complained, and in any case the design method | 
of calculation could not form a basis for the estimation of error since it was 
in itself liable to be even more seriously in error than the photoelastic work, 
The fact that the stress through the thickness of the material was not 
uniform was pointed out in the Paper (p. 383). Had the investigation 
been intended as an academic exercise then, of course, the various effects — 
mentioned by Mr Christodoulides would have required closer attention ; 
the object, however, had been to provide information of significance to 
the designer and in that respect the Author was encouraged to believe 
that the work was successful. 
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ELECTION OF MEMBERS AND ASSOCIATE MEMBERS 


The Council, at their meetings on the 19th October, and the 16th 
November, 1954, in accordance with By-law 14, declared that the under- 


mentioned had been duly elected. 


Members : 


AROHER, GEORGE CHARLES. 

Brrrrum, Hans Apo, B.Sc. (Copen- 
hagen). 

Ines, JasPER Haron, B.A.Sc.(Toronto). 

LrisoMan, OswaLp THomas RUSSELL. 


Parry, Cyr, D.F.C. 

PiLumpton, Mark WILLIAM. 

WAKEFORD, JoHN CHRYsostom BarRn- 
ABAS, C.M.G. 

Wiuiams, Jonn Norman. 


Associate Members 


AnpeErson, Eric, B.Sc.(Eng.) (London), 
Grad.I.C.E. 

Barnett, Norman NATHANIEL, Grad. 
L.C.E. 

Birkett, Cary~tt Wrerorp, B.A. 
(Oxon), Grad.I.C.E. 


Biowrr, Donatp Wrutam, B.Sc. 
(Glasgow). 
Brien, Donatp, B.Sc.Tech. (Man- 
chester). 


CarnEy, Harry Nem, Ph.D., B.Sc. 
(Durham), Grad.I.C.E. 

Coon, Ropurt Jamzs, Grad.I.C.E. 

CunnincHam, Prerer [AN FREDERICK, 
B.Se.Tech. (Manchester), Stud.I.C.E. 


Dartow, Rozsert Brooxway, B.E. 
(New Zealand). 

Derax.ove, Dennis, B.Sc.(Eng.) (Lon- 

- don), Grad.I.C.E. 


Direrxtor, Lxo, B.Sc.(Eng.) (London), 
Grad.I.C.E. 
Doveuas, THomas Harrison, Stud. 
L.C.E. 
Downey, Davin Guapstonn, B.E. 
(New Zealand). 
_Ervine, Norman Derrick MoKinuay, 
B.Sc. (Belfast), Grad.I.C.E. 
Fiemons, KENNETH JOHN. 
FLEtToHER, LIoNEL GrorGE. 
GILL, STANLEY, B.Sc.Tech. (Manchester). 
Hamitton, Dovatas Jamzus, B.Sc. 
_ (South Africa), Stud.1.C.E. 
Horean, Davip Nozt, B.E.(National), 
Grad.I.C.E. 
JowseEy, VicrTor, Stud.I.C.E. 
Koprr, CuHRistopHeR Youna, 
(Glasgow), Grad.I.C.E. 


B.Sc. 


Kwox, Hueu Sruarr GEDDEs, B.Sc. 
(Belfast), Grad.1.C.E. 

Lzwis, Ropert UNDERWOOD, Grad. 
LC.E. 

Lister, Henry, M.A. (Cantab.). 

LovucuEr, Joun Lewis, B.Sc.(Eng.) 
(London), Grad.I.C.E. 

Loveti-Smirx, Witi1aM Joun. 

McCuttocn, Ronatp Potxook, B.Sc. 
(Glasgow), Grad.I.C.E. 

MaAcKRELL, ALEXANDER GroraE, B.Sc. 
(Eng.) (London), Grad.I.C.E. 

Marsu, Lronarp HENRY PAINTER, 
Grad.I.C.E. 

Mrrvis, Lionet, B.Sc. (Witwatersrand). 

Morris, Keira Brocxir SPENCER, 
B.Sc. (Wales). 

Nosix, Epmonp Denis, B.Sc. (Belfast). 

RapyH, GoRDON Bayarp. 

Rozsertson, Rosert Anoavus, B.Sc. 
(Edinburgh), Stud.1.C.E. 
Skat, Witt14m Oswatp, B.Sc.(Eng.) 
(London). 
SUTHERLAND, Stud. 
LC.E. 

Van Brepa, Micurm, Wie, B.Sc. 
(Cape Town), Stud.1.C.E. 

WaLLwork, Joun Atan, B.Sc.(Eng.) 
(London), Grad.I.C.E. 

WaitE, James Brrnarp, B.Sc.Tech. 
(Manchester), Grad.I.C.E. 


Joun MeEnzizs, 


Witson, Henry Bortruwick, B.Sc. 
(Glasgow). 

Wintsou, Dennis Henry, M.A. (Can- 
tab.), Grad.I.C.E. 


Woop, Goran ALEXANDER, B.Sc. 
(Glasgow), Stud.1.C.E. we 
Wrictry, Eric ALBERT, Grad.I.C.E. 
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It is with deep regret that intimation of the following deaths has beer 
received. 


Members 


Cartes Aucustus CarLow (E. 1938). 

Somers Howe Etuis (E. 1896, T. 1907). 

GerorGE Fraser (E. 1913, T. 1929). 

Sir Jonn McFarLane Kennepy, O.B.E., B.A. (E. 1905, T. 1914). 
CHaRrLEes Epwarp Lararp, D.Sc.(Eng.) (E. 1895, T. 1913). 
PrroivaL ARTHUR Rupert LerTH (E. 1932). 

Epwarp Lanciois MontaGnon, Ph.D, B.Se.(Eng.) (E. 1919, T. 1938). 
Henry Nimmo, C.B.E. (E. 1936). 

LEsLIE Preston Parker, O.B.E., B.Sc.(Eng.) (E. 1918, T, 1946). 
THEODORE STEVENS, B.Met., E.M. (E. 1904, T. 1910). 

Rees Jonn Wittiams (E. 1927, T. 1951). 


Associate Members 


JOSEPH GEORGE ALEXANDER (E. 1904). 

Tuomas Henry BEcKettT (E. 1928). 

Witi1am CHarLes NEVILLE Bosworts (E. 1929). 
Epwarp Mervyn Dencu, B.E. (E. 1951). 

JOHN MaxwELt GRANGER (E. 1906). 

JouN CRABBE Lampert (E. 1951). 

Rosert SPENCE (E. 1927). . 

GrorcE Waters, B.Sc.(Eng.) (E. 1937). 

THomas ALLEN WoMERSLEY (E. 1915). 


Associate 
Witu1am HanNnerorD-Smiru, F.R.S.E, (E. 1927). 


Graduate 
Prrer Rosrnson (A. 1954). 
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JOSEPH GEORGE ALEXANDER, who died at his home in Dunedin, 
New Zealand, on the 20th August, 1954, was born in Aberdeen on the 
26th September, 1872. He received his early training in Aberdeen as an 
articled pupil of Messrs Walker and Duncan, and from 1895 to 1900 served 
as engineering assistant to the Borough Engineer’s Department, Wolver- 
hampton. For the following two years he held a similar appointment in 

West Ham, and from 1902 to 1913 was the Eastern Division Assistant 
Surveyor in the City of Westminster Engineer’s Department. Early in 
1913 he went to India, and after three years as Municipal Engineer in 
Cawnpore and six years in the Public Health Department, Bihar and 
Orissa, he moved still farther afield to become Municipal Engineer in 
Gisborne, New Zealand. In 1923 he was appointed City Engineer, 
Dunedin, and Engineer to the Dunedin Drainage and Sewerage Board, a 
post which he held from March 1924 until his retirement in March 1939. 

Mr Alexander was elected an Associate Member of the Institution in 
1904, He was also an Associate Member of the Institution of Mechanical 
Engineers, a Member of the New Zealand Branch of the Royal Sanitary 
Institute, and Past-President of the Institution of Engineers. 

He is survived by his wife, one son and two daughters. 

THOMAS BELL, E.D., who died in India on the 24th June, 1954, was 
born at Rock Ferry, Cheshire, on the 6th March, 1902. His technical edu- 
cation commenced at Birkenhead Technical College and Liverpool Central 
Technical School, and he was later articled to Mr B. P. Wall, who was 
Chief Engineer to several of the firms in the Unilever combine. 

From 1924 to 1950 he served with the Bengal-Nagpur Railway, first 
as Assistant Engineer, later as District Engineer, Assistant Bridge Engineer, 
Administration Officer (Vizagapatan), and finally as Deputy General 
Works Manager. From 1950 until his death, he was Chief Engineer to 
the Bengal Baroda and Central India Railway—now the Western Railway. 

Mr Bell was elected Associate Member of the Institution in 1927, and 
was transferred to the class of Members in 1946. He was also a Member 
of the Institution of Engineers (India). 

During the 1939-45 war he served for three years as Major in the Indian 
Engineers (Defence of India), later known as Defence of India Corps 
(Railways). He was also Captain in the B.N.R. Battalion (A.F.I.) until 
its disbandment in 1947. He was awarded the Efficiency Decoration in 
1953. 

Mr Bell is survived by his wife, two sons, and one daughter. 

CHARLES AUGUSTUS CARLOW, D.L., LL.D., J.P., F.R.S.E., 
who died at his home in Kincaple, St. Andrews on the 13th August, 1954, 
was born at Leven, Fifeshire, on the 30th November, 1878. He received 
his early education in engineering as a mining student at the Heriot-Watt 
College and Edinburgh University. He continued his studics and practical 
training in large collieries in Northern Durham and Lancashire, and at the 
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Fife Coal Company’s collieries. In 1900 he was appointed Assista t 
Manager of the Fife Coal Company, and from then until 1911 his major | 
responsibilities included the planning and sinking of the Mary Pit, ere | 
and the Kinglassie and Valleyfield collieries, and the establishment of | 
the ancillary works. From 1908 to 1914 he was responsible for the elec- 
trification of a number of collieries. In 1911 he was appointed General — 
Manager of the Company, a post which he occupied until 1923 when he was 
appointed Managing Director. ‘ 

In 1939 he succeeded Sir Adam Nimmo as Chairman and acted as. 
Chairman and Managing Director until the Company went into voluntary — 
liquidation in 1952. ; 

Mr Carlow was elected a Member of the Institution in April 1938. He 
was also a former Chairman of the Scottish Transport Commission, an 


yo 


Honorary Doctor of Laws of St Andrews University, a Deputy Lieutenant _ 


Royal Engineers, and an Honorary Member of the American Institute of ' 
Mining and Metallurgical Engineers. He was a Founder Member of the 


Past President of the Association of Mining Electrical Engineers, Pas 
President of the Institution of Mining Engineers, and a Fellow of the 
Royal Society of Edinburgh. oa 
DAVID HENDERSON, who died on the 26th August, 1954, as the - 
result of an accident at Hoy Pumping Station, Caithness, was born on the 
29th March, 1884. q 
He was educated at the High School of Glasgow, and at the Royal 
Technical College, Glasgow. He received his practical training with Robert 
McAlpine & Sons, and in 1905 was appointed Assistant Engineer to the 
Caledonian Railway Company. 4 
In 1910 Mr Henderson joined the staff of the Sudan Government 
Railways as an Assistant Engineer. He was employed initially on a 400- 
kilometre railway extension, later as Resident Engineer on bridge con- 
struction, relaying, and well boring. After being promoted to District 
Engineer in 1918, and to New Works Engineer in 1927, he subsequently 
became Chief Engineer to the Sudan Railways in 1931, a position which he 
held until his retirement in 1934. ee 
Mr Henderson was elected an Associate Member of the Institution in 
1910, and was transferred to the class of Members in 1933. 
In 1936 Mr Henderson became a Director of John McAdam & Sons 
Ltd., a position which he held until the time of his death. During this 
time his firm carried out several large public works schemes. 14 
He is survived by a son who has now taken his father’s chair in the 
firm. ‘ vend 
HERBERT ROSS HOOPER, M.A., 0.B.E., who died at Chippenham, 
Wilts, on 6th July, 1954, at the age of 90, was born at Hove on 21st April, 
1864, being the 5th son of the Rev. Robert Poole Hooper, M.A. 
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He was educated privately and at Oxford University where he was 
awarded his Master of Arts degree. 

In 1886 he joined the firm of Barry Brereton & Brunel as a pupil and 
two years later entered the engineering workshop of Messrs Westwood & 
Baillie in East London. From 1889 to 1891 he was engaged in harbour 
and railway work in Argentina, but in the latter year he went to Canada 
where he joined, first the Grand Trunk Railway and later the Canadian 
Pacific Railway, becoming Chief Bridge Inspector on the latter. 

Returning to England in 1896, he entered the field of electric traction 
and was successively Engineer-in-Charge of the construction of the London 
United Tramways, the Edgware Electric Railway and the Bournemouth 
Hlectric Tramways. ; 

In 1902, he became an Engineering Inspector of the Local Government 
Board, specializing at first in electrical work, and held many Inquiries into 
projects for the establishment of municipal generating stations. During 
the 1914-1918 war he was lent to the War Department in charge of the 
lighting, heating, and sanitary arrangements of a group of military hos- 
pitals. He returned to the then newly formed Ministry of Health after 
the war with the rank of Captain and the award of the O.B.E., and 
held the position of a Senior Engineering Inspector till 1927, when he 
retired after 25 years in Government service. 

He then joined the late Mr George Parker Pearson in private practice 
in Chippenham, Wilts, and on the latter’s death in 1942, he assumed as 
partner Mr J. B. Harvey. He retired from active business in 1952 at the 
age of 88. 

Mr. Hooper was elected an Associate Member of the Institution in 
1890, and transferred to the class of Members in 1903. 

He leaves a widow, but his only son, a naval officer, died on active 
service during the last war. 

_ Sir JOHN MACFARLANE KENNEDY, 0.B.E., B.A., who died on 
the 31st August, 1954, was born on the 12th October, 1879. He was edu- 
cated at Trinity College, Cambridge. 

From 1908 to 1934 Sir John was a Partner in the firm of Kennedy & 
Donkin, electrical consultants. During the 1914-18 war he superintended 
she construction and operation of Government rolling mills at 
Southampton. 

_ He was a Member of the Electricity Commission from 1934 to 1948,. 
inally becoming Chairman. Sir John was also a Member of the Uganda 
Hlectricity Board from 1948 until the time of his death. 

Sir John was elected an Associate Member of the Institution in 1905, 
ind was transferred to the class of Members in 1914. He was a Past- 
resident of the Institution of Electrical Engineers. 

He is survived by his wife, Lady Kennedy, one son, and one daughter. 

EDWARD LANGLOIS MONTAGNON, Ph.D., who died at his home. 
t Chislehurst, Kent, on the 3rd September, 1954, was born in Hampstead 
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on the 3rd December, 1884. He graduated in engineering at Londo 
University, where he was later awarded the degree of Doctor of Philosoph 
for an original thesis on stresses in girders. 
After obtaining practical experience in the work-shops of the Sout 
Eastern and Chatham Railway, and design and estimating experience with 
J. Stone & Co. Ltd, Dr Montagnon then joined Ransomes and Rapier L id 
as an estimating designer in 1908. He was appointed Chief Engineer of 
the Company in 1940 and Technical Director in 1953. 
Dr Montagnon’s particular interest was in the design of sluice gates and _ 
water-control equipment, and he was closely associated with the design + 
the sluices for the heightening of the Aswan Dam. 
He was the Author of a Paper presented to the Institution on ‘ 
Effect of Adding Flange-Plates to Plate-Web Girders.” * 
Dr Montagnon was elected an Associate Member in 1919, and was 
transferred to the class of Members in 1938. 
He is survived by his wife and three sons. 
Sir HERBERT GERAINT WILLIAMS, Bart., M.P., M.Sc., M.Eng., 
who died on the 25th July, 1954, at his home in London, was born on tk 
2nd December, 1884. He was educated at Liverpool University, gainin 
honours degrees in both electrical engineering and mathematics. 
After an apprenticeship with Siemens Bros Dynamo Works, Staffor 
Sir Herbert became assistant to a consultant marine engineer, subsequer : 
joining a firm of public works contractors as an electrical engineer. Later 
he became a Director of several Companies and a consultant on econe mi . 
Sir Herbert had been Member of Parliament for Croydon East s 
1950, having previously represented South Croydon from 1932 until 19: 
and Reading from 1924 until 1929. He was Parliamentary Secretary t 
the Board of Trade from 1928 to 1929. He was the author of several boo! 
on politics and economics. 
Sir Herbert was elected an Associate Member of the Institution i ’ 
1910. He became a Knight Bachelor in the Birthday Honours of 1936 
and was made a Baronet in 1953. 
He is survived by his wife, Lady Williams, a son, and a daughter. 


* Selected Engineering Paper No. 109, Instn Civ. Engrs, 1931. 
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